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Abstract

The cardiovascular disease is one of the serious and life-threatening diseases in the developed
world. One aspect of medical treatment is using drugs with blood pressure reducing or cholesterol
lowering functions. Importantly, such treatment needs to be individually tailored and is signifi-
cantly correlated to the particular conditions of individual patients. However, such pathologies
and mechanisms are still only under investigation. Several novel and unique computational meth-
ods, called meta-analyses techniques, for formatting and analyzing a wide variety of cardiac data-
sets are discussed in this paper with the aim to building cardiovascular database and related pa-
tient life-cycle management services. In this paper we also present an overview of a second order
inference engine underlying the meta-analyses, which yields evidenced-based reasoning that is
more likely to better assist decision-making on the effectiveness of cardiovascular treatment than
what is available currently. Furthermore, the software architecture and other details of such a
medical informatics system tailored to cardiovascular disease are also described. Research and
development work on this project yields itself to application to many other areas, such as disease
control and prevention in Epidemiology, and dietics. The system can therefore make a profound
impact to medical informatics.
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Introduction

Computers and information technology (IT) have been widely used in medical research, particu-
larly for providing several types of service. A remarkable advantage of IT is that long-term inves-
tigation on patient-care, diagnosis and treatment of diseases can be done efficiently through large-
scale data analysis and data mining of personalized historical data sets. Thus for instance, a clini-
cal decision support system provides
diagnosis, treatment, follow-up on a
number of issues, including the option to
create information anchor desks for a
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wide variety of practitioners, such as,
general practitioners, pharmacists, nutri-
tionists, and the like (Kaplan, 2001,
Trivedi, 2004, Payne, 2000, Sim, 2001,
Purcell, 2005). Such a system will not
only benefits patient care, but also pro-
vide physicians a platform to study the
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medical issues at a broader level. However, few systems have been successfully developed and
tailored to handle a broad spectrum of diseases (Economou, 2001, Cornelia, 2003, Bobb, 2004).
This is mainly due to the fact that designing and providing a reliable and knowledge-based medi-
cal informatics environment, like medical disease decision support system, is still very challeng-
ing in terms of collecting large amount of medical data, large scale data mining and management,
information extraction including text and graphics, Human Computer Interface (HCI), develop-
ment of statistical tools, and decision making tools (Kuperman, 2003, Clercq, 2004). In particular,
when such tools are put together over a hardware-software architecture, it requires a competitive
multi-disciplinary team with experts drawn from each field to manage, massage and exploit data
sets effectively and efficiently.

From the medical perspective, cardiovascular disease is one of the serious and life-threatening
diseases in the developed world. Causes of cardiovascular disease are many, including genetics,
food habits, hardening of the arteries, high blood pressure and others. In recent years, a number of
drugs have been discovered or synthesized, with capabilities to soften the arteries and control
cholesterol and blood pressure, and some of them are widely used in medical treatment. However,
it has been observed that the effectiveness and outcomes of the treatment are surprisingly
inconsistent, even among “similar patients”. More and more literature show that such diverse
reasons result in many problems in understanding the causes of the disease, patient treatment,
drug design and disease prevention in individual level (Reddy, 1998, Fuster, 2005, Lewis, 2002).
For example, Lipitor (Black, 1998) — a cholesterol-reducing drug/satin has profound impact on
certain patients, but limited or no impact on other patients. Further, certain post-operative
patients, who perform routine exercise show significant improvement in their life-style, but others
who maintain such or similar kind of exercise regimen, seem to have life style problems. Further
critical research on data available openly on landmark studies in cardiology reveal that medical
treatment needs to be greatly tailored to specific individual patients. However, these pathologies
and mechanisms are still under discovery, which seriously affects the accuracy of decision-
making on treatment; occasionally such trial and error processes may also lead to medical
accidents. Theoretically, such a study can be prosecuted through a careful and complex
investigation of patients using computational and statistical tools. However, in practice, it has
many technical difficulties, two of them being: i) the need to focus any study to a few measurable
parameters and ii) ipso facto the need to manage inconsistent medical information and data from
several clinical studies. The former problem requires meta-analyses procedures to be developed
as envisaged in this proposal, and the latter needs metadata converters (called form fillers here) so
that medical information data from different landmark studies may be combined in a manner that
meets the needs of cardiovascular disease management purposes. These datasets include textual,
structured, signal and image data. Unfortunately, to the best of our knowledge, there is no com-
plete cardiovascular life-cycle disease management system available, which can provide system-
atic study and service of the nature envisioned here.

Another issue that arises as a result of the above scenario is that several sources of data have now
become available from several stakeholders, who include publicly funded projects (whose results
are available over the WWW typically), second party funded projects (e.g., pharmaceutical com-
pany funded works, whose results have limited applicability and availability), and local sources
(typically in a hospital environment). The ways and means to bring and marry these datasets is a
non-trivial problem, even though the medical community realizes that there is significantly useful
information available in them as a composite collection. Consequently, developing medical
informatics tools based on meta-analysis of clinical cardiovascular data towards evidential rea-
soning for disease management can be one powerful weapon to attack these problems. Medical
service providers such as, Cardiologist, Pharmacologist, Specialist internist, Nutritionist need
their own specialized anchor desk that are customized to meet their needs.
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In this paper, we propose solutions aimed at meeting some of these challenges on technical and
medical aspects, and envision several preliminary studies towards developing an evidential
reasoning system using statistical inference techniques, so that the medication management can
be tailored to a specific individual. The analysis environment needs a competitive and multi-
disciplinary team, consisting of cardiologists, computer scientists and information scientists. Ad-
ditional useful specialists include professionals from the field of bioinformatics to address these
challenging issues.

The rest of the paper is organized as follows: the second section provides an overview of the
technical architecture of the system, while the third section deals with impacts on cardiovascular
disease treatment. The conclusion summarizes the paper and provides pointers for future work
that has been planned on the system.

The Meta-Analyser Environment

Cardiovascular like cycle management system presented in this paper is capable of extracting
clinical information including text and graphics, constructing data warehouse and providing
support for decision making. It has come to our knowledge that such a life cycle management
approach is new and to the best of our knowledge only Mount Sinai Hospital, New York City,
(http://www.mountsinai.org/msh/msh-home.jsp) is attempting a research similar to ours. The
system has the capability to handle high-order references from different resources, with differing
formats and meta-information. The system presented below employs the outcomes of multi-
disciplinary research in many different areas. It has the following three major goals:

1. Address cardiovascular patient information database requirements: Currently available
datasets are from varied sources with different formats, which are inconsistent with each
other. A systematic information/fact extraction and formatting toolset - so-called Fact
eXtractors (FXs) — is being developed.

2. Investigate several computational methods and tools and deploy aid multi-source data from
landmark' studies: These metadata analyzers have yielded advanced technical information on
the treatment and evaluation of various drugs and their effectiveness, wherein datasets have
been collected from varied sources/studies.

3. Provide an intelligent system able of providing data information and making accurate deci-
sions on treatment. An internationally competitive team of experts from several domains is

being assembled.

Several challenges arise in constructing such system exists in many perspectives, such as how to
collect large amount of information, how to do the intelligent information extractions, how to
build the data warehouse, and how to make accurate decision-making on treatment. In this paper,
an overview of the meta-analysis environment and its various components are described (see
Figure 2 at end of paper also):

Data Collection

The cardiovascular patient information is being collected mainly through collaborated hospitals.
Data such as, gender, height, weight, medication, ECG record, MRI record and related medical
text information are also being obtained through appropriate automated information extractor
software systems. In addition, additional data sets can also be obtained from several useful public

" A landmark study is typically a longitudinal covering people from multiple ethnicity, race and national
origin. An example of such a study is presented in (Mazzei, 1999, Miller, 2002).
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domain websites. Besides these, pharmaceutical companies also undertake studies on various
drugs and collect several types of information (which unfortunately can be limited in their
accessibility). Note that data from each of these sources may not be in the same format, and
further, some data may also be missing or has its inherent biases. Table 1 shows the potential data
collection through these three main approaches.

Table 1: Typical data sources

Source Data

Collection I (Private) Patient info data (by hospitals): Gender,
height, weight, medication, ECG, MRI,...

Collection II (2™ party) Published limited patient info data (by
pharmaceutical companies)

Collection II (Public) Other available public data (by non-profit
institutions, etc)

Fact Extractors

The patient information data usually includes general information such as physical information,
text information including doctor’s prescription and patient status, clinical information data such
as ECG records and medication information including blood pressure and others. Analysis and
storage of these large-scale data requires efficient and specific information extraction. Basically,
there are two fundamental problems which need to be solved in this context, fact extraction of
text and image:

1. Semi-formatted text and free text analysis. Even though several systems are available for
creating semi-formatted texts, parsing the text in order to pick out the relevant bits of
information is the key behind our system. Several commercial products also exist for such
applications, but most of them lack generality of applications. Compared to semi-formatted
text, free text is more difficult to analyze and among the approaches, three schools of thought
are more popular, namely, the pure linguistic community, the computational linguists and the
shallow analyzers. It is well recognized that the first approach is suited to analyzing intent
and is much more profound, but at the same time, it is expensive both in terms of time and
human and computational efforts. The second approach is good, more as a coarse-grain filter
than as an accurate collector. The last approach is generally good for collecting rough
information, which is not good for noting of intent, but is useful for trend analysis and
corporate knowledge upkeep. The last approach is useful, where it is recognized that that the
text contains less than 10% useful information. This approach is error-prone, but over a large
window, the errors can be significantly reduced through appropriate data mining techniques.
In addition, through a process, which we call language engineering, errors can be further
reduced. Further reduction of errors is also possible, when the language engineering process
can be tailored to particular domains. Such research is being investigated further as they
apply to the current domain in the system.

2. Image processing and pattern recognition. Some of the patient information such as, ECG
and MRI records, are in signal and image formats respectively. An important feature of those
records is that in the entire record, only a small part provides the critical information
regarding patient medical status. The crucial questions are how to efficiently and accurately
store, retrieve, identify and exploit such useful information to the benefit of treating a given
patient. Several technologies and some products for studying this issue are available, but
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nearly all of them are still in their infancy and need to be tailored to specific applications. We
employ a series of signal fact extractors (a la composite filters) to extract various records.

Form Fillers and Data warehouse Development

‘Cleaned data’ after using fact extractors get deposited into specific databases corresponding to
each collection. Form filling is a process by which the collector assembles extracted data for stor-
age over a data warehouse (Figure 1). The storage process will use a suitable ontology (classifica-
tion mechanism) and metadata (data about the datasets). We also note that the data retrieval
process will also use a similar kind of form fillers, this time the information requirement being
addressed by the user community. The retrieval process also calls for suitable metadata to be
stored so that retrieval efficiency and recall rates are high. This project will provide tools and
mechanisms to handle ontology and the differing types of metadata” from any two different
communities of specialists.

Meta-Analysis Data warehouse

Collection | (private) by
hospitals

m Collection Il (second
party) by pharmaceutical
companies

Collection Il (public) by
non-profit institutions

Figure 1: Data warehouse

High-order Inference Engine

Unlike traditional decision-support systems, our system employs a high-order inference engine,
whereby a decision is made or predicted using a variety of inference mechanisms over all three
types of collections. The main study under this system is aimed at on collection I, while others
will be supplementary. Several service tools that are being added include, statistical and data min-
ing using principal component analysis, hidden Markov model, clustering, and maximum likeli-
hood analyzers. Those tools have been shown to be of significant aid in other medical decision
support systems (Fritsche, 2002, Rose, 2005).

Anchor Desks

An important feature of this system is the provision of anchor desks. Even though there are many
reasons for the cause of cardiovascular diseases, through different perspectives drawn from a con-
fluence of decision support mechanisms, effective treatment can be achieved. For example, the
nutritionists will pay more attention to the diet of patients, while pharmacologists would like to
look at the family history, previous medication of patients or side-effects. This system will pro-
vide doctors in different disciplines including cardiologist, pharmacologist, special internist, and
nutritionist, a platform or opportunity to approach cardiovascular diseases from multiple angles
and perspectives.

? The metadata sets for a collector is different to those of the retriever (or user) and this is known as meta-
data semantic gap. Hence there is a need to have two sets of metadata for a given collection so that the per-
son who stores and the person who retrieves the data can work with the same system efficiently.
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Impacts on Cardiovascular Life Cycle Management

As mentioned before, the study of cardiovascular life cycle problem is a very challenging subject
due to the complexity and multiplicity of issues involved, including the presence of cardiovascu-
lar pharmacology and mechanisms, open-heart surgery related issues, clinical medication issues,
patient care and recovery, and nutrition and disease prevention issues. Some of these issues could
be highly related, or counteractive, and several mechanisms are still under investigation. It has
been understood that personalized historical data sets have rich information for approaching this
problem. Thus, solutions to this problem definitely require not only crossing disciplinary collabo-
ration, but also large-scale and even multi-dimensional data analysis and mining. The system pre-
sented in this paper is tailored to cardiovascular life-cycle management and has great impacts in
the following manner:

Information Extraction and Data Warehouse

The fundamental problem in medical informatics is how to recognize important patterns or in-
formation from collected medical or patient records. Considerable challenges exist in handling
semi-text, free text as well as imagery data sets and several novel techniques are being investi-
gated in this system. Further, a data warehouse is employed to handle large-scale as well as multi-
dimensional data sets; the architectural implications of the data warehouse are also being studied
in order to make the system applicable to a wide variety of medical scenarios.

Data Mining

In order to utilize the rich information existing in data warehouse of our system, several types
data mining techniques are being employed. For instance, our system has large-scale and high
dimensional data sets, and further, high-inference engine in this system to provide more accurate
decisions or results; and, these issues will challenge current available data mining techniques.
Through the study of this system, a toolbox of software packages for multi-dimensional data min-
ing, will be developed in order to provide an efficient and accurate analysis weapon.

Anchor Desks

The important feature of our system is to provide an opportunity and platform to study cardiovas-
cular life-cycle treatment through many viewpoints, particularly as they correspond to studies
involving issues in medication, pharmacy, surgery, nutrition management and the like. The provi-
sion of an anchor desk will provide an account of knowledge or information in related disciplines
and the ability to transduce such knowledge across sub-specialties, thereby hopefully providing a
comprehensive mechanism for decision support. One of the anchor desks will be dedicated to the
patient themselves, so that their data sets are available to them (and also become portable).

Conclusions

In this paper, we have presented a system that performs meta-analysis of clinical cardiovascular
data towards evidential reasoning for cardiovascular life-cycle management. The system ad-
dresses several issues such as, techniques for handling semi-text, free text and imagery data sets,
constructing large-scale data warehouse, investigating novel data mining techniques, and design-
ing anchor desks. The system incorporates a high-order inference engine, which allows the under-
standing of cardiovascular life-cycle management issues through multiple angles. We are hoping
that the system will provide medical doctors and patients with valuable information for improving
cardiovascular disease treatment, post-surgery recovery, patient care and further, disease preven-
tion. More details on this work in progress, including issues in testing the system, will become
available in due course.
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