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Preface

In 1999, eHealth surfaced as a popular term referring to Internet-based health care
delivery. Today, eHealth is making health care more efficient, allowing patients and
professionals to do the previously impossible through the efficient Information and
Communication Technologies (ICT). ICT are now used everywhere and play an
important role in the delivery of high-quality and highly efficient health care services.
Some eHealth applications have improved the quality of health care, and they are
expected to lead to substantial cost savings in the near future. In today’s digital
society, ICT play an essential role in supporting daily life. eHealth initiatives, many of
which are being undertaken in countries around the globe, have myriad benefits,
including improvement of coordination and integration of health care delivery,
empowerment of individuals and families for helping them manage their own health
better and prepare health care plans, and facilitation of public health initiatives.

The ICT revolution has given rise to challenges with regard to health systems. The aim
of this book is to present its impact on access to health care, quality of information on
health care, cost-effectiveness of health care services and the development of eHealth
equipment.

In chapter 1, we start with the challenges, strategies, and trends in eHealth. The
authors discuss the opportunities and benefits associated with the adoption of eHealth
solutions, as well as the impact of eHealth solutions on the health system and the
population. eHealth services involving advanced technologies could have a significant
impact on patient care in the future, including Internet-enabled applications for
chronic disease management in the community. They could also facilitate self-
monitoring of one’s own health status. The authors show that eHealth will continue to
evolve with advances in ICT, information science, medicine, and biotechnology. These
topics are discussed in the Canadian context, but the discussions may be valid for
other countries too.

A clinical decision support (CDS) system is an application that analyzes data to help
health care providers make clinical decisions. In chapter 2, the author discusses the
interactivity between physicians and CDS as the main variable affecting health care
professionals who use CDS in their day-to-day activities. It shows that if health care
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professionals have an interactive relationship with a CDS, their level of involvement in
the process increases and they have more control over procedures.

Most health care seekers, such as patients and their families (and even health
professionals), are not familiar with the medical vocabulary, which is difficult to
handle. Chapter 3 presents the main techniques used for improving information
retrieval through health gateways.

The combination of EHR data and data generated through remote monitoring
provides an important opportunity for following up the health of a patient. The
increase in our ageing population is giving rise to new challenges in terms of
disabilities and chronic diseases, incidences of which are expected to increase steadily
in the coming years. Chronic diseases are ongoing, and generally incurable, illnesses
or conditions, such as heart disease, asthma, and diabetes. They are the leading
cause of death and disability in most developed countries. Admitting all these
patients to institutions such as hospitals and nursing homes appears to be unfeasible.
The general tendency is to provide homecare solutions involving remote monitoring,
which offer unquestionably higher quality of care and greater security than
conventional practices, and ultimately better quality of life for patients. In chapter 4,
the authors present an architecture that combines the semantic Web and artificial
intelligence, for homecare solutions. This architecture is based on generic ontologies so
as to accommodate different conditions and types of sensors and data. A decision
support base on an inference engine is used for following up the health of a patient
and the detection of anomalies and abnormal situations and for responding
appropriately, by providing recommendations and/or informing the patient’s
physician.

In the context of remote monitoring, the feasibility and accuracy of an Internet-based
system for teleauscultation, involving the use of an electronic stethoscope, were
evaluated. The results indicated that teleauscultation may be considered a reliable
method for assessing cardiac patients. Chapter 5 reviews recent technological
advances and presents an evaluation of promising innovations and perspectives in the
field of auscultation. It focuses on the development of new intelligent communicating
stethoscope systems in clinical practice and in the context of teaching and
telemedicine. It shows that conventional auscultation is subjective and not easily
shared. Modern medical technology allows us to optimize auscultatory findings and
hence make a correct diagnosis by physically characterizing sounds through
recordings, visualization, and automated analysis systems.

In a cardiac auscultatory system, many signals can be treated and monitored, e.g.,
ElectroCardioGram (ECG), PhonoCardioGram (PCG), Echo/Doppler and pressure
monitor. The main point of interest in chapter 6 is the PCG signal. The author
proposes a robust and generic PCG segmentation method that is useful in real-life
conditions (clinical use, home care, professional use, etc.).
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To date, some eHealth applications have improved the quality of health care, and they
are expected to lead to substantial cost savings in the near future. However, eHealth is
not simply a technology but a complex technological and relational process. In this
sense, clinicians and health care providers who seek to successfully exploit eHealth
should pay special attention to technology, ergonomics, human factors, and
organizational changes associated with the structure of the relevant health service. We
hope that this book will be useful to engineers, researchers, and industry personnel,
and provide them with new ideas to address not only current issues that they are
facing but also future issues.

Dr. Amir HAJJAM EL HASSANI

University of Technology of Belfort-Montbeliard,

Institute for Transportation Research, Energy and Society -
Systems and Transport, Belfort,

France






Chapter 1

Global Health Through EHealth/Telehealth

Masako Miyazaki, Eugene Igras, Lili Liu and Toshio Ohyanagi
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/47922

1. Introduction

EHealth is an umbrella term that covers Health Informatics, Telehealth and other ICT
(information and communications technology) solutions in health care and medicine. It has
been broadly defined as “the intersection of medical informatics, public health and business,
referring to health services and information delivered or enhanced through the Internet and
related technologies. In a broader sense, the term characterizes not only a technical
development, but also a state-of-mind, a way of thinking, an attitude, and a commitment for
networked, global thinking, to improve health care locally, regionally, and worldwide by
using information and communication technology” [1].

EHealth also incorporates virtual reality, robotics, multi-media, digital imaging, computer
assisted surgery, wearable monitoring systems, health portals.

While the primary focus of Health Informatics is the use of information systems and digital
repositories in healthcare (electronic health record or EHR, medical terminologies, clinical
guidelines), Telehealth refers to the use of ICT for the purpose of providing services across
distance, time, social and cultural barriers. These services include both clinical services (such as
telemedicine, telenursing, telerehabilitation, telepharmacy, teledentistry, or telemonitoring)
and non-clinical applications (health education, research, or administrative). Telemedicine
focuses primarily on the delivery of clinical care and includes a number of speciality terms
such as teleradiology, telepathology, telepsychiatry, teledermatology and telesurgery. [2]

In this chapter we discuss the challenges, strategies and trends in healthcare. We also
discuss the opportunities and benefits associated with the adoption of eHealth/Telehealth
solutions as well as their impacts on the health system and the population. Although these
topics are discussed in Canadian context, they may also apply in other countries.

One of the fundamental goals of health systems in most countries is to provide equitable
access to healthcare. However, there are multiple and varying barriers to achieving this goal.

I NT EC H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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In some countries these barriers include limited access to portable clean water, a trained
healthcare worker or critical lifesaving drugs. Other countries face challenges with
providing medical intervention or an inoculation to prevent infectious diseases from
spreading in an equitable and timely manner. There are also significant disparities between
urban and rural healthcare. The barriers in the rural regions include “limited local expertise,
resources, economic infrastructure, reimbursement for health services, as well as difficulties
in retention and recruitment of health professionals, smaller population bases, isolation, and
significant distances from needed expertise and service.” [3].

With advancement of ICT and financial support, we may be able to reduce the disparities
between regions regardless of availabilities of local resources. For example, Canada’s First
Nations people are not only affected by geographical isolation, but also by chronic poverty,
under- or unemployment, substance abuse, limited opportunities for education and social
advancement. Most reserves are located outside of major cities where all the social amenities
are available, including sophisticated health care services. Over the past two decades the
federal government has initiated a process of "transferring of control" to native communities
and regional organizations. As a part, health care has become an integral aspect of
aboriginal self-determination. In general, chronic care patients such as diabetics fare better
at their home environment [4]

While we implement eHealth/ Telehealth services, we have to be cognisant of the needs for
business continuity and disaster recovery plans and solutions. The current set up for
eHealth/ Telehealth services is quite fragile as the disaster recovery plans do not exist or
their implementation is not adequate.

Consequently, the scope of eHealth has been expanded. The World Health Organization
(WHO) defines eHealth/ Telehealth/e-commerce as follows: “Tele-health includes
surveillance health promotion and public health functions. It is broader in definition than
tele-medicine as it includes computer-assisted telecommunications to support management,
surveillance, literature and access to medical knowledge. Tele-medicine is the use of
telecommunications to diagnose and treat disease and ill-health. Telematics for health is a
WHO composite term for both tele-medicine and tele-health, or any health-related activities
carried out over distance by means of ICT [5].

2. Definition of eHealth/Telehealth through scoping studies

The primary focus of eHealth/Telehealth is not technology. Rather, it is the adoption of the
discoveries in medical sciences and advances in ICT to improve access to health services,
and expand the range of these services from care to disease prevention to health
maintenance to health education. The technology is just an enabler.

EHealth systems and services combined with organizational changes and the development of
new skills create new opportunities to improve the healthcare system locally, nationally and
globally through the collaboration and contribution of many stakeholders, including patients,
health professionals, institutions, governments, researchers, academia and industry.
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The healthcare system faces increasing pressure to improve health service delivery, health
outcomes, and to contain healthcare costs regardless of economic status of the country.
These challenges are directly linked to the changes in population demographic (e.g., ageing
population, increased prevalence of chronic diseases), and increased expectations and needs
for more equitable access to care, improved quality of care, improved health outcomes, and
improved safety of care. Recently, these challenges have become more acute because of the
shortages of healthcare professionals, complexity and accelerated communicability of
diseases in many countries.

To address these challenges and meet the healthcare needs of population, many countries
implement strategies that include establishing national health programs, improving health
service delivery systems, fostering health maintenance and disease prevention, adopting
proactive approach to management of healthcare resources, fostering research and
innovation and adopting standardization and integration across the health systems.

Oh and colleagues [6] reported the results of scoping study by using the search query string
“eHealth” OR “e-Health” OR “electronic health”. They used the Medline and Premedline
(1966-June 2004); EMBASE (1980-May 2004); International Pharmaceutical Abstracts (1970-
May 2004); Web of Science (all years), Information Sciences Abstracts (1966-May 2004);
Library Information Sciences Abstracts (1969-May 2004); and Wilson Business Abstracts
(1982-March 2004); dictionaries and an Internet search engine. They concluded that the term
eHealth encompasses a set of disparate concepts, including health, technology, and
commerce. In the definitions of eHealth, technology was viewed both as a tool to enable a
process, function, service and as the embodiment of eHealth itself (e.g., a health website on
the Internet). They discovered that technology was portrayed as a means to expand, to
assist, or to enhance human activities, rather than as a substitute for them [6].

Paré and his colleagues [7] had reviewed more than 65 telemonitoring studies in the United
States and Europe. The study, entitled “Systematic Review of Home Telemonitoring for
Chronic Diseases”, concluded that home telemonitoring produces accurate and reliable data
empowers patients and influences their attitudes and behaviours, and may improve their
medical conditions. They concluded that home telemonitoring produces accurate and
reliable data, empowers patients and influences their attitudes and behaviours, and may
improve their medical conditions.

According to their study, the key clinical impact of implementing telemonitoring was a
decrease in emergency room visits, hospital admissions, and average length of hospital
stays. The effects of telemonitoring tended to be more consistent in pulmonary and cardiac
studies than in studies on diabetes and hypertension.

3. Role of local, provincial, national governments and international
organization in promoting e-health/ Telehealth

In order to implement comprehensive and over reaching e-health/ Telehealth service, it is
vital to have all levels of governments and international organizations’ cooperation and
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support. Governments as policy-making organizations, play a key role in formulating
regulations, governing, financing, and regulating the health and business sectors.

EHealth was discussed at the United Nations World Summit on the Information Society in
December 2003 and at the World Health Assembly in May 2005. The World Health
Organisation (WHO) has established various eHealth initiatives, such as the WHO Global
Observatory for eHealth (GOe) in 2005, which aims "to provide Member States with
strategic information and guidance on effective practices, policies and standards in
eHealth". The World Summit on the Information Society (WSIS), held with the participation
of 175 countries (second phase, 16-18 November 2005, Tunis), affirmed its commitment to
"improving access to the world's health knowledge and telemedicine services, in particular
in areas such as global cooperation in emergency response, access to and networking among
health professionals to help improve quality of life and environmental conditions".

The second global survey on eHealth was conducted by the GOe in late 2009 and was
designed to build on the knowledge base generated by the first survey in 2005. While the
first survey was general and primarily asked questions about the national level, the 2009
survey was designed to be thematic with far more detailed questions used to explore areas
particular to eHealth. The survey has provided the GOe with a rich source of data that is
being used to create a series of eight publications, the Global Observatory for eHealth series.
GOe has release three reports to date: Telemedicine - Opportunities and developments in
Member States; Atlas of e-Health country profiles; and m-Health. They are the most
updated collection of survey data on eHealth from around the world. Over 800 eHealth
experts and 114 counties have contributed to the data collection process. The mobile-Health
(mHealth) survey was focused to identify the diverse ways mobile devices are being used
for health around the world and their effectiveness. It is also to highlight the most important
obstacles to implementing mHealth solutions and to examine if mHealth can overcome the
‘digital divide’. Their report was released in June 2011. For the purpose of their study, GOe
defined mHealth as a component of eHealth and support medical and public health practice
by using mobile phone by capitalizing on a mobile phone’s core utility of voice and short
messaging service (SMS) as well as more complex functionalities and applications including
general packet radio service (GPRS), third and fourth generation mobile
telecommunications (3G and 4G systems), global positioning system (GPS), and Bluetooth
technology [5].

It is valuable to have global data on eHealth adaption stages. The following Canadian
example illustrates how adaption of eHealth/Telehealth intertwines the governments, health
care providers, patients, public sectors and industries.

3.1. Canadian example

Every Canadian citizen has access to publicly funded healthcare, however, the manner in
which the healthcare system is structured, funded and governed varies from province to
province. While each province sets its own policies, strategies and priorities, some of the
challenges are common across the country.
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Issues Associated with Healthcare Delivery

e Geography: Canada is a country of over 34.6 million people spread across almost 10
million square kilometres. While the majority is concentrated in a several urban areas, a
significant proportion is scattered across the land in hundreds of geographically
isolated communities, many in areas of extreme climatic conditions. These factors pose
serious challenges to the provision of health services.

e Ageing population: Seniors constitute one of the fastest growing groups in Canadian
society. By 2041, about 23% of the population will be over 65, up from 12% in 1995. This
growing portion of the population will inevitably require the devotion of a larger
proportion of expensive health resources.

e Shortage of health professionals: There is a general shortage of healthcare professionals.
That threatens the supply of and extends wait lists for some healthcare services.

e Inequitable distribution of health professionals: Most health service providers live and
work in large urban centres. This contributes to acute shortage of health professionals in
many smaller communities and rural areas where the provision of equitable access to
health services is increasingly challenging.

e Patient safety: Several studies conducted by the Canadian Patient Safety Institute
revealed that a significant number of patients experienced adverse events. One of the
studies [8] revealed that an estimated 7.5% of patients admitted to acute care hospitals
in Canada in the fiscal year 2000 experienced 1 or more adverse events. Also, 36.9% of
these patients were considered to have highly preventable adverse events. Most of the
patients who experienced adverse events recovered without permanent disability; their
adverse events contributed to longer stays in hospital or temporary disability.
However, a small but significant proportion of patients died or experienced a
permanent disability as a result of their adverse events.

¢ Increasing prevalence of public health threats: The number of incidents of chronic
diseases is increasing. Furthermore, emerging threats to public health such as SARS and
avian flu require a pan-Canadian health surveillance system to provide critical
information to support a rapid and effective response. These factors contribute to a high
utilization of the scarce healthcare resources.

¢ Limited integration: Silos of care fail to provide patients and providers with timely and
seamless access to the information they require and cause delays and needless
duplication of services.

e Fragmented funding: Funding of health services is a complicating factor and a matter
currently of intense scrutiny and considerable controversy. The division of political,
managerial and fiscal accountability across provincial and federal lines has created
tensions particularly around the question of the current level, and most appropriate
future level of funding.

e Budget constraints: New treatments and technologies cost more and put additional
demands on the strained healthcare budgets.

e Language barriers: Canada is a culturally diverse country, which has created some
health care challenges. From the last national census, of 30 million people, 18 million
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speak English, 7 million French and 5 million a mother-tongue other than English or
French (official languages). Not being able to speak either official language is an
obstacle for newcomers when seeking or obtaining healthcare.

Recent Trends in Delivery of Healthcare Services

Notwithstanding the provincial variations, several major trends have emerged that have a
direct impact on adoption of eHealth. These trends include:

e Consolidation of services: Entails consolidation of healthcare services delivery, either
through hospital amalgamation or regionalization.

e Integration of services: Integration of vertical health service delivery across the
continuum of care primarily through regionalization.

e  Co-operation among service providers: Entails organizing workflows in such a way that
they support the individual patient care process and facilitate co-operation among
service providers.

e  Partnering: Third-party provisioning of health services through various mechanisms
including outsourcing, shared service organizations and partnering between several
healthcare organizations.

e Alignment of federal and provincial strategies: Alignment of provincial eHealth
agendas and strategies with the strong involvement of Canada Health Infoway - a
federal organization created to foster and accelerate the development of pan-Canadian
electronic health information systems.

e Investment in eHealth: Strong senior-level support for eHealth solutions within
healthcare organizations, regional health authorities and provincial ministries of health.

National Health Strategies for Health Information

In 2001, Canada Health Infoway was launched to develop Health Information Strategy and
deploy information management and information technology solutions across the country.
Infoway is an independent, not-for-profit organization whose members are 14 federal,
provincial and territorial Deputy Ministers of Health.

Canada Health Infoway invests in partnership with provincial and territorial governments
and regional health authorities across Canada to implement and reuse compatible health
information systems that support a safer, more efficient healthcare system.

Infoway and its public sector partners have hundreds of projects, either completed or
underway, delivering electronic health record (EHR) and point-of-service solutions to
Canadians — solutions that bring tangible value to patients, providers and the healthcare
system.

To accomplish its mission, vision and goal, Canada Health Infoway invests in health
information technology solutions in priority areas, including the Registries, Interoperable
Electronic Health Records, Diagnostic Imaging Systems, Drug Information Systems,
Laboratory Information Systems, Public Health Surveillance, Telehealth, Innovation and
Adoption, and Info structure.
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Canada’s total healthcare expenditure was approximated at $121.4 billion in 2003/2004 fiscal
year and $140 billion in 2005/2006 fiscal year. Although the Canadian health system is
described as publicly funded, nearly 30% of funding comes from non-public sources, such as
insurance companies and individuals.

As indicated in the 2003 Report on Canadian Hospital IT: Top Issues, Applications and
Vendors, less than 2% of healthcare funding in hospitals is spent on information technology
majority of which (over 80%) is spent on maintaining existing infrastructure and only 17% is
devoted to development of new information technology solutions.

Public spending on eHealth is heavily influenced by Canada Health Infoway. Canada
Health Infoway is an independent not-for-profit organization whose members are Canada’s
14 federal, provincial and territorial Deputy Ministers of Health.

For more detailed information see [9]
EHealth-Related Considerations:

While the initiatives led by Infoway and its public sector partners are an integral part of the
pan-Canadian strategy to improve the health system, there are numerous challenges
involved in the implementation of these initiatives. Examples include:

e  Privacy and security: Concerns about personal privacy and information confidentiality
and the recent proclamation of Privacy and Confidentiality legislation across the
provinces and territories is a considerable challenge to the development of inter-
jurisdictional data sharing arrangements and to storage and manipulation of data
holdings (especially patient records).

e Standardization and interoperability: There is a growing recognition that compliance
with health informatics and technology standards is critical to achieving
interoperability among eHealth solutions. However, given the number of health
informatics and technology standards, their state of maturity and adoption, and
lack of universal interoperability standards for eHealth, the challenge of building
plug-and-play interoperable systems requires significant expertise and continuing
effort.

¢ Integration with service delivery: the integration of technology with the service delivery
system is a key critical success factor for a wide adoption of eHealth solutions.

e Technology suitability: Deployment of eHealth solutions that are suitable and well-
aligned with the healthcare workflows is critical. Some challenges still remain to be
addressed. For example, some of the technologies remain unproven in extremes of
climate and in far-north locations. There are also limitations imposed by the fragility
and newness of certain technologies and products in situations where ongoing technical
maintenance and operational services are limited or do not exist.

e Technology acceptance: Public and professional acceptance of the new technology
solutions and new ways of service delivery remains a significant risk factor and a
challenge to be addressed.
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e  Safety: while there is growing recognition that eHealth solutions assist in ensuring
patient and health professional safety, there is also recognition that the safety of
eHealth products must be addressed in a similar way as for medical devices.

¢  Sustainability: There is a growing recognition that the deployment of eHealth solutions
goes beyond technology and involves change management and further investment.
Financial and human resources must be invested in the management and operations of
the eHealth solutions to realize their full potential and be sustainable.

e Education and training: Education of sufficient numbers of information technology,
information management and health informatics specialists to implement, operate,
manage and continue the development and improvement of the technologies and the
systems remains a challenge that needs to be addressed.

The healthcare market is changing and expanding at a rapid rate and the focus is on
automation, increased efficiency and effectiveness of decision making, improved outcomes
and patient care provider safety through the increasing use of information technology and
eHealth applications.

The following table presents some examples of trends in care delivery and
eHealth/Telehealth solutions.

Future Global Healthcare Strategies is quite clear from the Canadian example that there are
many challenges associated with an adoption of eHealth/Telehealth at the national level.
There have been many pilot projects and initiatives using varied equipment and strategies.
Some of the initiatives have been sustained and others were abandoned. The key factors for
abandonment are costs and benefits, complexity of technologies, low level of acceptance
among healthcare service providers, and lack of technical assistance.

Over a decade, Wootton had held annual conference on “Success and Failure of Telehealth”
He found that despite the large number of published articles on the concept of telemedicine
in the developing world, there are remarkably few examples of successful implementations.
Wootton and others [10] have published a book on “Telehealth in developing world” which
summarized the experience of starting and sustaining Telehealth projects in the developing
world. This book has assembled large contribution of Telehealth experience from
developing countries.

According to the International Telecommunication Union, there are now close to 5 billion
mobile phone subscriptions in the world. In 2010, there were 143 counties which offer third
generation mobile telecommunications (3G) services and several counties are even moving
toward fourth generation mobile telecommunications (4G). The Internet access is essential
for eHealth and two billion people are Internet users of which 1.2 billion are in developing
counties [11]. Given the volume of available mobile phones in the world, the prospect of
using mobile phone or devices for healthcare seems promising,.

Therefore, it is reasonable for the WHO to pay special attention to mHealth, following the
extensive survey of eHealth activities among the member countries. Fourteen categories of
mHealth services were surveyed: health call centres, emergency, toll-free telephone services,
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Trends

Examples of eHealth Solutions |Purpose

Consumer Health Informatics

Client Health information portals Provide access for health
empowerment eLearning systems information and education material
Collaborative tools Connect to others who have the
same / similar health conditions
Participate in support groups
Self-Care Personal electronic health record |Collect data about health status
Monitoring devices and bio- Monitor health conditions and
sensors lifestyle
Medical devices Perform diagnostic procedures
eLearning systems Perform non-invasive treatment
interventions
Personal health Electronic health record / smart |Collect data about health status
record card Provide a comprehensive and

Document management

Data integration systems
Messaging systems

Privacy and security solutions

secure clinical view of client health
information accessible to
authorized persons (e.g., healthcare
professionals) from any location at
any time

Evidence-based
medicine

Electronic health record
Good health practices
Health information portals

Provide access to evidence-based
guidelines, studies, and health
practices

Promote good health practices

Professional Informatics

Computer-aided
decision tools

Computer-aided clinical
discipline / disease-specific
practice guidelines

Provide access to medical
information / knowledge anywhere
and anytime

Care pathways
Clinical Electronic clinical Communicate electronically with
communications communications tools for clinical systems and other services

booking, referrals, clinical providers

documentation Assist in sharing clinical expertise
Knowledge Collaborative tools Organize and disseminate the
management Multimedia conferencing existing knowledge

systems

E-learning systems

Data mining tools

Data fusion tools

Rule discovery tools
Knowledge capture systems

Create new knowledge taking into
account tacit and explicit aspects of
knowledge

9
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Trends

Examples of eHealth Solutions

Purpose

Evidence-based
medicine

Computer-assisted clinical
practice guidelines
Electronic health record
Good health practices
Health information portals
Clinical support systems

Combine the new knowledge with
the existing practices and clinical
standards

Provide tools for rigorous scientific
evaluation of collected facts
Develop and disseminate practice
guidelines and health practices
Provide access to medical journals
and studies

Service Delivery

Remote sensing and
monitoring

Bio-sensors and wearable
products

Implantable devices
Smart medical devices
Telemonitoring

Monitor individuals with critical /
chronic conditions

Monitor individuals who work /
live in extreme conditions

Remote service
delivery

Telehealth systems
Telemedicine applications
Telelearning

Improve access to health and
education services for people living
in areas with limited access to these
services

Facilitate collaboration among the
health stakeholders, including
service providers and service
recipients

Provide a tool for continuing
medical / health education

Personalized care

New diagnostic and treatment
modalities

Genomic and molecular
medicine technologies, including
sequencing, genotyping, gene
expression profiling, and protein
engineering

Specialized tools to identify and
stratify health risks and
recommend preventative
measures for individuals

Participate in the development of
care plans and assessment of the
appropriateness of care

Facilitate collaboration among the
health stakeholders, including
service providers and service
recipients

Predict and prevent diseases

Population-based
care

Population identification and
screening tools

Specialized tools to aid in
decision-making

Facilitate population based health
planning

Predict the evolution of disease in
populations
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Trends Examples of eHealth Solutions |Purpose
Medication ePharmacy systems Identify and stratify medical risks
management Electronic health record and recommend preventative
Drug interaction systems measures for population
Drug dispensing devices Prescribe and monitor remotely
clients” compliance with the care
plan
Coordinate response to
extraordinary population-wide
risks (e.g., pandemic, environment
contamination)
Virtual health team |Collaborative tools Facilitate collaboration among

Multimedia conferencing
systems

Teleconsultation applications
eLearning systems
Knowledge management
systems

health stakeholders, including;:
Communities of practice / interest
Service providers across different
care areas, including acute,
community, continuing care,
mental health and other areas

Healthcare Business

Management

Proactive business
management

Data mining tools
Workflow management
Forecasting tools

Best management practices

Mine and analyze clinical,
organizational and economic
information across facilities and
service areas to monitor and
measure efficiency and
effectiveness of the health service
delivery system

Perform forecasting and service
delivery planning

Develop and disseminate best
management practices

Data Management and Protection

Data and
information quality

Search engine tools

Data cleansing tools

Data mining tools

Data fusion and rule discovery
tools

Pattern-based tools

Ontology tools

Ensure quality of data and
information (e.g., accuracy,
completeness, consistency, clarity,
currency, relevancy, timeliness)

Integration

Virtual electronic health record
Middleware
Integration broker

Provide access to data
Facilitate data exchange between
heterogeneous systems

"
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Trends Examples of eHealth Solutions |Purpose
Messaging system Integrate systems at different levels
Enterprise application e.g., network, data, application level
integration system

Security Security tools Protect systems and networks
Persistent security through providing security services

e.g., authentication, authorization,
auditing

Protect data, information,
knowledge in the environment
where security services may not be

available

Table 1. Examples of eHealth trends and solutions

managing emergencies and disasters, mobile telemedicine, appointment reminders,
community mobilization and health promotion, treatment compliance, mobile patient
records, information access, patient monitoring, health surveys and data collection,
surveillance, raising health awareness, and decision support systems. According to mHealth
document [12], mobile phones are used to call a call center, emergency calls, medical
consultations but not for health promotion or decision support or surveillance in developing
countries. In case of disaster, they will use mobile phone or toll free call. As they move
forward with mHealth, it is a vital importance to establish a policy for protecting privacy
and security of health data [13].

According to Paré et al. (2011), implementation of mobile device with customized homecare
nursing software helped to structure and organizes the nursing activities in patients’ homes.
There were 137 homecare nurses and they were asked to complete a structured
questionnaire and 101 had completed (74% response rate).The nurses reported significant
level of satisfaction with the quality of clinical information collected. A total of 57 semi-
structured interviews were conducted and most nurses considered the software to be user
friendly. A questionnaire was mailed out to approximately 1240 patients and 223 patients
responded. They reported that nurses who used mobile computing device during their
home visits seemed to manage their health condition better and provided superior
homecare services. The use of mobile computing had positive and significant effects on the
quality of care provided by homecare nurses.

4. Disaster recovery plan

As we move forward with the ICT supported healthcare, we must ensure the security,
integrity, business continuity and recovery of healthcare data and services after a disaster,
either manmade or natural. Advancement of technology and adoption of ICT solutions have
contributed to escalating amount of digital data in business and public sectors. It is quite
common for health care to be affected by earth quakes, fire, floods and severe storms in
resource rich counties.
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EHealth/ Telehealth networks can be destroyed or disabled in few seconds by natural
disasters like in Japan. Numerous natural disasters such as tsunami, hurricanes, earth
quakes, ice storms, tornados, forest fires or floods can significantly affect people’s ability to
access basic necessities, such as food, shelter, and healthcare regardless of economic status
of the country. In addition, there are numerous active wars and battle zones around the
world where basic livelihood have been threatened.

Over the past decades there has been a substantial increase in the number of people affected
by disasters and the subsequent socio-economic losses. In 2007, 414 disasters resulting from
natural hazards were reported. They killed 16,847 people, affected more than 211 million
others and caused over 74.9US$ billion in economic damages. Last year's number of
reported disasters confirmed the global upward trend in natural hazard-related disasters,
mainly driven by the increase in the number of hydro-meteorological disasters. In recent
decades, the number of reported hydrological disasters has increased by 7.4% per year on
average. (Annual Disaster Statistical Review: Numbers and Trends 2007, Center for
Research on the Epidemiology of Disasters).

Therefore, disaster recovery should be an integral part of planning, development and
adoption of ICT solutions in health. It is not a matter of if, but when disaster is going to
happen. It is essential to have a policy and a disaster recovery plan for eHealth

An example of such as a policy has been developed by eHealth Ontario (2009) which states;

“Business continuity management processes must be implemented to identify and limit to
acceptable levels the business risks and consequences associated with major failures or
disasters, considering both the disruption of eHealth Ontario services and the capability and
time to resume essential operations.

The potential consequences of disasters, security failures, and service disruptions must be
analyzed to determine the criticality of services and supporting IT infrastructure
components.

Integrated plans must be developed, implemented, and tested to ensure that all critical
business services are maintained or can be restored on a prioritized basis, to an acceptable
level and within the required time-scales, in the event of failure. Business continuity
commitments for critical services must be incorporated into Service Level Agreements with
clients. Disaster Recovery plans should be tested annually.

Contingency plans must provide for the following [13]:

e timely restoration of service disrupted by a failure within a system, process, or function

e emergency recovery of service at an alternate location in the event of a disaster or
prolonged outage at the primary site

¢  limited recovery of critical services in the event of major loss of staff.”

The mission of the Organisation for Economic Co-operation and Development (OECD) is to
promote policies that will improve the economic and social well-being of people around the
world. The OECD provides a forum in which governments can work together to share
experiences and seek solutions to common problems such as healthcare.

13
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As identified by the OECD, there is "an absence, in general, of independent, robust
monitoring and evaluation of programmes and projects” [14]. In this context, there is a very
real need to benchmark for the first time in a consistent and comparable manner eHealth
deployment, take-up, and impact in hospitals across the EU27.

The OECD [15] has used a case study approach to explore the various handicaps, incentives,
enabling of secure exchanges of information, and the use of benchmarking in relation to
eHealth with an aim to determine which practices can improve the adoption and use of ICT.
It undertook six case studies, three of which were in Europe (the Netherlands, Spain and
Sweden). Internationally, it also explored the situation in Australia, Canada and the United
States of America (USA). This study therefore plays a vital role in discovering the eHealth
deployment, take-up, and impact in hospitals across the EU27.

According to eHealth Benchmarking III [16] was prepared based on the result of survey
conducted by Deloitte, in association with Ipsos Belgium and with the support of Diane
Whitehouse of The Castlegate Consultancy, on behalf of the Information Society and Media
Directorate-General European Commission (EC).

They had surveyed 906 acute hospitals; targeted Chief Information Officers (CIOs) in all the
hospitals and Medical Directors in 280 of the hospitals: CIOs were asked about the
availability of eHealth infrastructure and applications in their hospitals; whereas Medical
Directors were asked about priority areas for investment, impacts and perceived barriers to
the further deployment of eHealth. The survey was carried out in 2010 in all 27 Member
States of the European Union (EU) and in Croatia, Iceland, and Norway [16].

Their method of data collection and analysis were clearly stated and processes of cross
validation were included within and between the questionnaires for the Medical directors
and CIOs. Within this study, they have inquired about their disaster recovery plan doe the
acute hospitals in EU.

Disaster recovery implies the ability to recover those mission-critical computer systems that
are required to support the business’s continuity — in this case, the business is the hospital.
There were more than 80% of the hospitals have an enterprise archive strategy for long-term
storage and disaster recovery.

Enterprise archive strategies relate to "a comprehensive information archiving strategy
aligned with an organisation’s goals and performance needs.

All the hospitals surveyed in eight European countries (Austria, Croatia, Cyprus, Denmark,
Estonia, Iceland, Norway, and Sweden) have an enterprise archive strategy for long-term
storage and disaster recovery. The similar trend exists in Belgium, Germany, Spain and the
UK. However France and Italy are both below the EU+ average. Of the hospitals that have
an enterprise archive strategy, for most of them it is driven by the hospital’s own strategy.
Only in a few hospitals is it driven by national or regional healthcare IT programmes. "IBM -
Information Lifecycle Management Services - Enterprise Archive - North America." [17].
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Many of the hospitals in EU are operationalizing the disaster recovery plan within the
hospital except Denmark, Ireland and Sweden are the only three countries where the
strategy is driven by either regional or national health care IT program more than by the
hospital’s own strategy.

Due to the nature of the service, it is essential to restore hospitals’ critical clinical
information. In EU, almost half the hospitals’ critical clinical information system operations
can be restored within 24 hours in the event that a disaster were to cause the complete loss
of data at the hospital’s primary data centre. However, 10% of hospitals say that this can
only be done in less than one week. Shockingly, 1% says that it would take up to a month
and, even worse, in another 1% of hospitals it would take more than a month.

Immediate recovery is possible in more than half of the hospitals in Luxembourg and
Sweden. More than nine out of ten hospitals in Austria, Bulgaria, and Sweden would restore
data immediately or within 24 hours. The response time is longer than 24 hours for more
than half of the hospitals surveyed in Finland, Greece and Norway.

5. Conclusion

EHealth/Telehealth will continue to evolve with advances in ICT, information science,
medicine and biotechnology. The new generation of healthcare providers and patients will
be far more comfortable with new technologies, new applications and services, and
innovative service delivery methods. There is also a growing recognition that eHealth
provides an opportunity for healthcare providers to improve health systems and transform
them from the ‘Diagnose and Treat’ to ‘Predict and Prevent’ models.
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1. Introduction

Organizations invest in IT systems with the hope of cutting costs, increasing the quality of
products or services [1]. But if users do not accept the systems, the organizations can not
benefit significantly from the new systems. On the other hand, if users accept new IT
systems they become more willing to make use of the new systems [2]. The usage of a newly
introduced system can be a sign of the IT system success [3]. Therefore, finding the reasons
that motivate people to use or understand the source of resistance to use new IT systems, is
important to both system designers and developers [4].

The use of IT in health care practices has increased recently [5]. A variety of IT systems such
as clinical information systems, personal digital assistants, electronic patient records and
other applications have gradually become established in the healthcare industry. Clinical IT
applications in healthcare are regarded as a key element in raising the quality of medical
care. However, factors affecting the healthcare professionals’ adoption behavior regarding
IT systems are not completely clear yet [6,7,8]. The concern of having new clinical IT systems
unused is still one of the biggest issues for the clinical IT developers [9,10].

With reference to a study done by Walter and Lopez [8] two types of IT are available in
medical care environment. The first one is Electronic Medical Records (EMR) systems which
are computer systems that allow users to create, store, and retrieve patient charts on a
computer. The second one is Clinical Decision Support (CDS) system that is classified as a
decision support system. A CDS System is regarded as an application of Decision Support
System (DSS), which takes patient data as input and generates decision- specific advice
[11,12]. These systems are referred to as knowledge-based systems that use patient data and
series of reasoning techniques to generate diagnostic and treatment options and care

I m E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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planning. Typically, clinical IT is designed to enhance decision-making in health care
environment and in this study the emphasis is on CDS systems.

There is enough evidence to state that healthcare professionals are different from other IT
users in terms of accepting technology and may respond differently to clinical IT [13,14].
Their different IT adoption behavior is attributed to their professional characteristics such as
specialized training, professional autonomy and professional work context. Healthcare
professionals are highly sensitive to changes in their work setting especially they are more
concerned about the kind of changes that are perceived as a threat to their professional
autonomy [15,16,17,18]. On the other hand, different features of CDS such as guidelines and
instructions given by those systems can affect healthcare professional’s IT acceptance.

It means that the healthcare professionals” CDS adoption may be affected by their perceived
level of interactivity with the CDS system. Therefore, the feature and nature of instructions
and guidelines given by IT to healthcare professionals in terms of problem-solving process
may be considered as an element that invalidate their professional autonomy [19]. Thus, the
antecedent of healthcare professionals’ perceived threat to professional autonomy is the
rules, instructions and diagnostic options provided by the CDS.

2. Theory of professionals

While a variety of definitions for the term professional have been suggested, this study uses
the definition from sociology. According to the classic work of Larson [19], professionals are
defined as “members of occupations with special power and prestige based on special
competence in esoteric bodies of knowledge linked to central needs and values of the social
system”. With attention to the study conducted by Sharma [20], members of some
professions have been called professionals, in light of their command of focal as well as
demanding knowledge that they possess. This list includes the holders of five professions
namely financial analysts, lawyers, university professors, accountants and finally
physicians.

It should be mentioned that generally, the medical profession has been thought of as the
model or symbol of professionals based on the nature of the knowledge owned by
physicians compared to the others. According to Watts [21] in all public polls which were
taken in the USA in the second half of 20th century, the public selected physicians as the
most honored professionals.

3. Types of healthcare professionals

In this study, the focus is on IT adoption behavior of healthcare professionals. Based on a
review a literature, different types of medical workers are considered as healthcare
professionals. Generally, healthcare professionals or medical professionals are distinguished
from others as professionals specialized in serving diagnosis and treatment to patients’
medical issues and disease. This group encompasses all physicians such as general
practitioners, internists, pediatrics, radiologists, geriatrics, gynecologists, pathologists,
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surgeons, and other specialty doctors. For the entire mentioned group, the possibility of
working with clinical information systems to deliver proper treatment and health care to
patients is reasonable.

4. The unique characteristics of healthcare professionals

Professionals have some distinct and professional characteristics whereby they are viewed
different from other non-professionals. Due to the scope of this study, the special
characteristics of healthcare professionals are put at the center of attention. Healthcare
professionals’ professionalism has long been based on a defined set of values. The most
important feature is healthcare professional autonomy and the other features are patient
sovereignty, physician confidentiality, and habits of learning. According to Raelin [22],
professional autonomy is defined as the control that professionals have over the processes
and content of their work.

Patient sovereignty is defined as paternalism or the traditional model of doctor-patient
relationship that includes official instruction and the patient's values in shared decision-
making is not really emphasized in this type of communication [23]. Physician
confidentiality is an important issue in the relationship between patients and physicians
specifically in the disclosure of a patient’s personal health information, medical histories
and symptoms to physicians without any distress.

The increasing body of medical knowledge is a main concern to all types of doctors. Their
habits of learning are associated with their subjective ability to keep themselves
professionally updated on new medical findings. This includes spending time on attending
courses/congresses and medical readings [24].

With reference to the findings of an exploratory study conducted by Chau and Hu [25],
some unique characteristics are believed to be held by healthcare professionals. Three
characteristics have been proposed as the main characteristics of this group. The first one is
specialized training that reveals their domination over knowledge which has been obtained
during a lengthy period of education. As stated by Watts [21], they devote a considerable
portion of their youth preparing for the profession. Their body of knowledge is directly
associated with the lives of patients. In this profession even a slight mistake can be fatal.
Therefore, the heightened emphasis has been placed on specialized training of healthcare
professionals.

The second characteristic is professional autonomy. Based on this characteristic, healthcare
professionals proclaim that they are in the best position to drive, organize, and regulate their
own practice. They are judged mainly through a peer review process in which professionals
evaluate each other. As mentioned by Zuger [26], professional autonomy has clearly been
the most important value. This advantage provides healthcare professionals with a sense of
pride, and accomplishment. In addition, they take special power, prestige, and authorities,
as well as they are put at the top of the hierarchy in the health care profession.

19
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As stated by Watts [21], and Montague et al. [27], the last item is professional work
arrangements where healthcare professionals become health care providers, hospitals
became health care facilities, and a patient acts as both the product and the client in such a
system. Also, in this setting, two other occupational groups (para-professionals and non-
professionals) work with healthcare professionals. These two groups, the role they play in
healthcare organizations and their relevance to this study is addressed in the following
section.

5. Professional autonomy: The central privilege

According to Starr [28] at the start of the second half of the 20th century, healthcare
professionals are viewed as the holders of desirable autonomy and respect within the health
care industry. In accordance with Abbott [29], being members of a profession is certainly
conducive to professional autonomy. Based on a study by Adams [30], professional
autonomy is considered as a key factor of the medical profession. Drawing on a recent study
by Walter and Lopez [8], professional autonomy is viewed as a precious privilege given to
professionals and they do not like to lose it in their workplace. Throughout this research the
term professional autonomy is used to refer to having control over the state of affairs, course
of actions, practices, or components of their work in relation to their own collective and
finally, individual conclusion for applying their profession’s body of knowledge and
capability [31].

As pointed out by Freidson [32], based on professional autonomy which is granted to
professionals, individuals outside the profession (non-professionals) do not know how to
evaluate the practices of the professionals due to lack of required knowledge. Relying on
professional autonomy, physicians are provided with separate bylaws and arrangement
within hospitals [28].

Professional autonomy generates two main expectations of professionals. On the one hand,
they are required to practice with extreme conscientiousness and without any direct
surveillance. One the other hand, they are trusted to take on the necessary measures in
carrying out their tasks [33]. Previous studies have reported that it is very difficult to
evaluate the physicians’ performance due to the unstructured nature of their practice [34].
This view is supported by Wilson et al. [35] who point out that some usual objective
measures like revenue or number of published articles, which are applicable to measure
individual outputs in other practices, cannot be used to evaluate professionals especially
physicians.

A peer review process is being utilized in professional settings in order to validate the
evaluation of professionals based on subjective analysis of objective measures. According to
Walter and Lopez [8], one of the most important characteristics of professional autonomy is
being analyzed by peers instead of non-professionals who are outside the profession.
Therefore, it is becoming increasingly difficult to ignore the importance of professional
autonomy that indicates the possession of esoteric body of knowledge which the outsiders
are not aware of.
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On the basis of having professional autonomy, professionals are given some special rights.
First, professionals take advantage of having more access to critical resources than non-
professionals. A survey conducted by Freidson [33] shows that as long as professionals are
not provided with adequate resources such as equipment and staff, they can claim that their
work cannot be accomplished in the best way.

Second, professionals have power over the tasks carried out by non-professionals (ones who
do not have professional qualification, skills as well as knowledge and are involved in
administrative duties, clerical and office work) and para-professionals (ones who possesses
only partial professional skills such as technicians that assist professionals in performing
their work) and can control the tasks carried out by them [36].

It should be added that the advantage of having control over subordinate groups is more
considerable in those organizations with existing hierarchies among various working
groups. A hospital is regarded as an organization in which different work-related groups
(physician assistants, nurses, medical technicians, and administration) possess different
levels of medical knowledge and among all; physicians are placed at the top of the
hierarchy. The following figure (Figure-1) shows the hierarchy of different occupational
work groups involved in a hospital, based on their level of medical knowledge.

Healthcare professional (medically-qualified doctors)

Physician Assistants

Nurses

/ \

Administration

Figure 1. The hierarchy in healthcare organizations based on level of medical knowledge

6. Theory of interactivity

One view toward any new computerized system is that IT can reduce dependence on
specific personnel [37]. These rules, procedures, and recommendations designed and
embedded in IT can weaken their claim on possession of special competence in problem
solving. Moreover, these instructions can invalidate their decision making skills in terms
of deciding what to do for treatment of their patients. As stated by Harrison et al. [38],
healthcare professionals feel uncomfortable when they face regulations and instructions
generated by a clinical decision system that advises them on what to do. This is because
they believe that they can treat their patients based on their specialized knowledge,
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experience, skills and competence. According to Lowenhaupt [39], healthcare
professionals become more anxious when someone or something (such as a computer
system, here is CDS) shows he/it has more knowledge than them regarding what to be
done with their patients.

Bucy [40] has mentioned that there is a slight difference between interactivity and social
interaction in the form of person-to-person conversation or face-to-face communication.
On the one hand, interactivity can be viewed as a special sort of mediated social
interaction, like online chat, discussion forums, or teleconferencing. On the other hand, it
can appear as impersonal interactions with media content or nonhuman agents such as
computer game playing, e-commerce transactions, and various other forms of content
interactivity. Perceived level of interactivity is largely based on the belief that the
interactive nature of the clinical system can assist in creating cooperation between
healthcare professionals and clinical IT systems. Perceived level of interactivity with CDS
can be divided into three parts. 1. Interactive features of CDS itself. 2. being responsive to
customized needs of healthcare professionals. 3. Interaction between healthcare
professionals and CDS.

In this study, the effect of level of healthcare professionals’ interactivity with a new CDS is
examined on the perceived threat to professional autonomy. Based on the interactivity
theory which explains human — computer perceived interaction; a high level of interactivity
can be demonstrated in simultaneous, reactive and continuous exchange of information [41]
that assists in conducting users’ tasks. A higher perceived level of interactivity with a
system causes higher degree of control that healthcare professionals have during the
interaction with an IT system. Higher level of control consequently may result in the less
threat perceived from the system to their professional autonomy and in turn they become
more prone to use the new IT. This issue indicates that when healthcare professionals
perceive low level of control over the health care process due to the function and features of
the new CDS, they become less likely to use the system. In other words, if healthcare
professionals perceive that the regulations given out by CDS may threaten their professional
autonomy and CDS acts as their supervisor directing them what to do without their
interference, they perceive this kind of IT (with low level of interactivity) as encroaching on
their professional autonomy. Thus, different level of interactivity with CDS system is
conducive to different perception toward using that system. For instance, healthcare
professionals may perceive a low level of interactivity with the CDS in comparison with the
EMR.

As a result, perceived level of interactivity is largely based on the belief that the interactive
nature of the clinical system can assist in creating cooperation between the healthcare
professionals and the IT system. If healthcare professionals perceive that the nature of new
CDS is interactive, they perceive more control and in turn they perceive less threat to their
professional autonomy [8]. As a result, we propose that low level of perceived interactivity
with CDS leads to low level of involvement in performing activities with the aid of the CDS
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system. Therefore, this situation inevitably results in low level of perceived control over
processes and procedures of patients’ treatment.

Interactivity has been defined in the literature in diverse ways [42]. Based on a review
of the literature, interactivity is generally delineated as a property of the technology, the
communication setting, or the perceptions of users [43]. In the first part of the
definition, features of technology provide the set of interface actions that the systems
allow and the degree of interaction changes based on user skills and competencies. The
second part of the definition points to the communication setting as the locus of
interactivity and specifies that interactive processes can be observed in the form of
message exchanges (e.g., [44]). The control that users practice over the content of
mediated exchanges is at the core of both message-related and technology-oriented
definitions of interactivity.

According to Steuer [45] interactivity is defined as the “extent to which users can
participate in modifying the form and content of a mediated environment in real time”.
Likewise, Neuman [46] stated that interactivity is “characterized by increased control over
the communication process by both the sender and receiver”. Williams, Rice, and Rogers
[47] put forward interactivity as “the degree to which participants in a communication
process have control over, and can exchange roles in, their mutual discourse”. Based on
Jensen [48] interactivity is “a measure of a media’s potential ability to let the user exert an
influence on the content and/or form of the mediated communication’. In the media
literature, interactivity is regarded as a key motive for users’ social responses to
computers [49].

Stromer-Galley [50] has brought up the matter of categorizing the different types of
interactivity into two general dimensions: interactivity as a product and interactivity as a
process. The first type is related to interaction with content, dealing with the control that
users apply over the selection and presentation of online content, such as text,
audiovisuals, multimedia, and other features of the interface [50]. McMillan [43] has
mentioned that product interactivity is a type of user-to-system interaction, whereas
Stromer-Galley [50] previously used the term media interaction. Also Rafaeli [51] call such
interactions as reactive communication. The second type of interactivity addresses person-
to-person conversations which are mediated by the technology. Massey and Levy [52]
have called this process interpersonal interactivity. McMillan [43] has employed the term
user-to-user for this form of interaction while Stromer- Galley [50] referred this to the
human interaction.

According to McMillan and Hwang [42], three elements come out commonly in the
interactivity literature: direction of communication (responsiveness and exchange), user
control (participation and features) and time (timely feedback and time required for
retrieving information). Many studies have taken Human-to-Computer Interaction (HCI)
into account to explain the ways humans can gain control over computers and other new
media, such as video games [53, 54]. Reeves and Nass [49] have stated that with attention to
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user control, a group of scholars centers their studies on human perception and another
group focuses on computer design. As far as a human focus is concerned, studies examine
how individuals interpret computer character [55]. Interactivity acts to provide a human-
like signal in the context of human-computer to fill the interface with agency and motivate
users to communicate with the computer not only as a medium but also as a source of
interaction [56].

Interactivity has some positive consequences in relation to user-system behavior. The level
of interactivity might be vital to get users be involved in the online process, hence
interactivity may make consumers more alert about information when working online [57].
Based on Bucy [58], the positive benefits of interactivity usually referred to as increased
engagement, knowledge gain (or uncertainty reduction), user satisfaction, and efficacy.
Other studies have stated that increased interactivity leads to increased feelings of tele-
presence [59], greater involvement with the system [44], and creating more positive attitudes
toward the system such as higher credibility [60]. As stated by Agarwal and Karahanna, [61]
a greater sense of involvement with an IT system reduces the perceived cognitive burden
and encourages the user to spend more time experiencing the system.

7. Healthcare professionals’ perceived level of interactivity with clinical
IT system

The interactivity construct has been initially focused on the context of computers, websites,
online advertisements, and web-based mass communication but it has not been tested yet
with technologies and IT applications in other fields especially in professional
environment. In this study, the concept of interactivity is extended from the context of
interaction between customers and websites as well as online advertising to clinical
information systems and the healthcare professionals. Therefore, this study is a step
forward in defining the concept of interactivity with clinical information systems and
extending it to the professional context of healthcare practice. In the context of this study,
interactivity can be defined as the amount and quality of two-way communication,
reciprocal activity, cooperation and direct relationship between the CDS and healthcare
professionals when the CDS asks requirement and disease symptoms to operate based on
the built in instructions. One of the antecedents of physicians’ perceived threat to
professional autonomy is the rules, instructions and diagnostic options provided by the
CDS. Function of any new computerized system (such as CDS) can reduce dependence on
specific personnel [72]. But the culture of medical practice has always given emphasis to
individual physician autonomy [73,74]. Therefore, maintaining the autonomy causes the
changes brought by IT systems not to be always well-received by healthcare professionals
and becomes one of the biggest challenges for CDS implementation in particular. Also,
concerns about overreliance on the device (CDS), makes healthcare professionals become
worried on losing their autonomy. According to Lowenhaupt [39], physicians become more
anxious when someone or something (such as a computer system) can perform in a way as
though he/it knows more than physicians do about their patients. As a result, they feel



Interaction with Clinical Decision Support Systems: The Challenge of Having a Steak with No Knife 25

their level of control over patient care process, decisions and resource allocation will
become less by the presence of the CDS. On the other hand, rules, procedures and
recommendations designed and embedded in CDS can be seen as encroaching on the
healthcare professionals’ professional autonomy. As stated by Harrison et al. [38],
physicians feel uncomfortable when they are faced with regulations and instructions
produced by CDS advising them what to do because they believe they are able to treat their
patients better based on their specialized knowledge, experience and competence.
According to the study conducted by Dowswell [14], a majority of general practitioners
accepted clinical guidelines as a tool to enhancing healthcare delivery, but when they
perceived the encroaching guidelines on their professional autonomy, they started
showing negative reaction toward the IT system.

On the one hand, Pain et al. [65] have stated that a computerized prescription system cannot
eliminate the power of the doctor, because at the end of the day the doctor has the authority
to decide what medicine to be prescribed. On the other hand, as suggested by Walter and
Lopez [8], features of a clinical information system may influence perceived threat to
professional autonomy. One possible feature is the level of interactivity that may change
user perception of control and consequently affect perceived threat to professional
autonomy. In the context of healthcare, perceived control can be described as the amount of
control that a physician feels she/he has in using a clinical information system. Healthcare
professionals’ resistance toward using CDS does not always occur because the CDS
distributes their abstract knowledge among the subordinate group in a hospital setting.
Most of the time the rules and recommendations given by the system make healthcare
professionals feel threatened because the system itself invalidates their exclusive knowledge
claim. According to Mclaughlin and Webster [66], lab officers and medics perceived rules
and recommendations of the IT system as threatening to their professional autonomy. Some
respondents in this study declared that they changed the way the system interacted with
them in order to save their autonomy.

Therefore, one feature of clinical information systems that influences professionals’
perceived control is their level of interactivity. Perceived interaction is characterized as the
level of interaction that a user perceives while experiencing the computerized system, and
the extent to which the system is perceived to be responsive as well as sensitive to the
user’s needs. With attention to the medical literature, there are three levels of interactivity
with a medical technology [67]. At the first level, healthcare professionals use the
technology as a means to generate data so the experts can make a diagnostic decision.
Therefore, at this level of interaction the medical IT can be considered as an enabler. At the
second level, the technology is more complicated and acts as a partner of professionals. At
this level both physicians and technology have the same weight. At the third level, the role
of healthcare professionals is demonstrated in supervising the technology. At the third
level, the technology takes on decision making process and recommends course of action
and users are just responsible to control the process. At this level healthcare professionals
are considered as operators. According to Lacramioara and Vasile [68], a factor that plays
an important role in the interaction between human and computer for healthcare
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applications is the functionality of a simple, responsive and useful user interface. Also as
stated by Tung et al. [6], information quality and message prompting have found to be
influential factors.

Perceived level of interactivity with CDS can be divided into three parts. 1. Interactive
features of CDS itself. 2. being responsive to customized needs of healthcare professionals. 3.
Interaction between healthcare professionals and CDS.

1. The features of CDS’s information delivery such as quality of information and basic
evidence are the most important causes for the effect of CDS on patient safety and
quality improvement. A question arises in this area is how much control the user will
have in getting access to the CDS information. According to Osheroff [69], the “five
rights” of CDS is a good guideline of what is required for having effective delivery. CDS
should be designed in a way to give the right information to the right person in the right
format through the right channel at the right time (when the information is needed).

The key issues for healthcare professionals to consult with a patient using the CDS are speed
and ease of access. Users may be aware of the need for information but if access is too
difficult or time-consuming, healthcare professionals may prefer not to use the CDS.

2. The interactive CDS includes both nationally recommended guidelines and customized
order sets designed by an individual healthcare professional [69]. Therefore, the
interactive CDS is responsive to the needs of healthcare professionals in unique case of
a patient and encompasses order sets adapted for particular conditions or types of
patients (ideally based on evidence-based guidelines and modified to manifest
individual healthcare professionals’ preferences).

According to Berner [70], the CDS that is integrated into the workflow and work activities is
more likely to be used by healthcare professionals. On the other hand, fitting CDS features
(such as timing, structure, and design) into the workflow often necessitates unique
customization to local processes and configuring the system for use in the local
environment. In some case where the previous clinical processes were inefficient or
ineffective, the processes should be changed. According to Miller et al. [71], in some cases,
some special features of CDS are ordered to fit into the local context.

3. Healthcare professionals should be involved in entering patient data into the CDS
application and also getting relevant information (e.g., lists of possible diagnoses, drug
interaction alerts, or preventive care reminders) from the CDS to perceive more control
over the care processes. On the other hand, if the CDS’s recommendations and
notifications are delivered but the healthcare professional does not interact with the
system, the effect of timely response is doomed to be a failure [71].

A question related to autonomy is how much control healthcare professionals have over the
system and how they respond to the CDS. This aspect of control relates to whether it is
mandatory for them to accept the CDS suggestions, whether they can easily not take the
suggestions into account, or whether the healthcare professionals take significant effort to
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override the CDS advice [71]. Previous theories of CDS gave more emphasis to CDS output
and limited healthcare professionals’ control, but the new methodology of using CDS states
that healthcare professionals can filter, review and finally select the useful and relevant
suggestions and override others. With the use of this method a balance between healthcare
professionals’ desire for autonomy and the CDS suggestions for improving patient safety or
decreasing practice costs, is made.

To sum up, the main goal of CDS is to interact with healthcare professionals and assist them
in providing care planning and diagnosis analysis. In this human-machine interaction, both
the healthcare professional’s knowledge and the CDS function are required to better analyze
the patients' data rather than relying on either human or CDS to make it on their own. In the
interactive relationship between CDS and health care professionals, healthcare professionals
input a set of required information and CDS makes a set of suggestions, advice and
diagnostic options for the healthcare professionals and they go over the output and select
useful one and remove irrelevant suggestions. In this manner, a CDS does not make
decisions for healthcare professionals telling them what to do. Also, the process of
interaction with CDS can be perceived more interactive when the possibility of adapting and
customizing the system is considerable in case of a patient. Therefore, in this way healthcare
professionals perceive CDS as an enabler or partner in which the decisions are not directly
made by the CDS system.

Perceived level of interactivity is largely based on the belief that the interactive nature of
the clinical system can assist in creating cooperation between healthcare professionals and
clinical IT systems. According to McMillan and Hwang [72], by improving understanding
on perceived interactivity, kind of systems can be developed that effectively make use of
interactivity. If healthcare professionals perceive that the nature of new clinical system is
more interactive, they perceive more control over process. As a result, the possibility of
interaction with the system increases and in turn lowers their perceived threat to the
professional autonomy. Psychologists argue that the feeling of being in control of any
stimulating event results in approaching behavior, while a lack of that makes anxiety and
leads to avoidance behavior [71]. According to Pianesi et al. [73], following the suggestion
of Hoffman and Novak [74], it is shown that higher levels of involvement result in a greater
feeling of being in control. As stated by Prasad and Prasad [75], employee involvement in
interaction with systems can minimize resistance to technological change in organizations.

Thus, different level of interactivity with IT system is conducive to different perception
toward using that system. For instance, healthcare professionals may perceive low level of
interactivity with the CDS in comparison with the EMR because they think their role in the
decision making and treatment gradually becomes less significant while using CDS.

8. Conclusion

As mentioned before, one way to reduce perceived threat to professional autonomy is
directly related to organizational environment and human-human relationship such as the
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healthcare professionals’ relationship with other occupational groups like the subordinate
group. The second way to decrease the negative effect of perceived threat to professional
autonomy is related to machine-human interaction and the structure, instructions and
features of a CDS system [8]. As literature states, a new CDS can reduce dependence on
healthcare professionals. Therefore, healthcare professionals are always worried about
overreliance on CDS and consequently losing their autonomy. In this regard, the rules,
recommendations, instructions and care planning provided by a CDS is another base for
healthcare professionals to view CDS as threatening to their professional autonomy and
make them believe they are losing their control over the processes, procedures of their
practice.

To reduce this negative effect, the study recommends high level of interactivity with the
CDS system. Interactivity is characterized by increased control over the relationship
between user and system. Higher level of interactivity leads to a higher level of involvement
with the system and increase the control over each step of the patient care process [44]. Also,
the high level of interactivity encourages the users to spend more time experiencing with the
system. In another view, interactive nature of a CDS system can assist healthcare
professionals in creating a reciprocal relationship with the system. If healthcare
professionals perceive that the nature of a CDS system is interactive, they perceive more
control over the process.

This study is one of the first attempts to examine the construct of perceived level of
interactivity as a means to reduce the negative effect of perceived threat to professional
autonomy among healthcare professionals. The result of this study shows that if healthcare
professionals have an interactive relationship with the CDS system, their level of
involvement in the process increases and they believe more control over the procedures.
Under this situation, instead of showing negative reaction toward new CDS they support
the new system in hospital. As a conclusion, the more interactivity perceived by healthcare
professionals, the less threat perceived from the new CDS system. This result has a practical
implication for IT design. One way to reduce perceived threat to professional autonomy is
directly related to user-machine relationship and features of the CDS system. One important
aspect of interactivity is rooted in the features and instructions embedded in the CDS
system. The interactive features of the system increase interactivity which is perceived by
healthcare professionals in the relationship with the system. Based on the findings, 1T
designers should design the features, rules and instructions of the CDS system more
interactive in order to increase the healthcare professionals’ level of control over the patient
care process.
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1. Introduction

Today, a web search is clearly one of the foremost methods for finding information. The
growth of the Internet and the increasing availability of online resources have made the task
of searching a crucial one. However, searching the web is not always as successful as users
expect it to be and Internet users have to make a great effort to formulate a search query that
returns the required results. Information retrieval concentrates on developing algorithms to
locate and select documents from a corpus that are relevant to a given query. The
development of online information retrieval tools, such as search engines or search robots
many of which utilize hyperlink analysis [1], has been greatly beneficial to Internet users [2].
In the health domain, users are now experiencing huge difficulties in finding precisely what
they are looking for among the numerous documents available online, and this in spite of
existing tools. In medicine and health-related information accessible on the Internet, general
search engines, such as Google, or general catalogues, such as Yahoo, cannot solve this
problem efficiently [3]. This is because they usually offer a selection of documents that turn
out to be either too large or ill-suited to the query. Free text word-based search engines
typically return innumerable completely irrelevant hits, which require much manual
weeding by the user, and also miss important information resources.

In this context, several health gateways [4] have been developed to support systematic
resource discovery and help users find the health information they are looking for. These
information seekers may be patients but also health professionals, such as physicians
searching for clinical trials. Health gateways rely on thesauri and controlled vocabularies.
Some of them are evaluated in [5]. Medical thesauri are a proven key technology for
effective access to health information since they provide a controlled vocabulary for
indexing documents and coding electronic health records. They therefore help to overcome
some of the problems of free-text search by linking and grouping terms and concepts.

I NT EC H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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Nonetheless, medical vocabularies are difficult to handle by non-professionals. Problems
also arise because there are practically as many different terminologies, controlled
vocabularies, thesauri and classification systems as there are fields of application in health.
We give in this chapter a panel of techniques that may be applied to help health information
seekers. All the tests are performed on the CISMeF catalogue (Catalogue and Index of
Medical Sites in French) [6] but are reproducible in other languages and other medical
applications.

The remainder of the chapter is organized as follows: in section 2 we start by describing the
CISMEeF catalogue. The section 3 is devoted to simple search techniques such as approximate
string matching and heuristics for queries composed by several words. Another method
consists in meta-modeling health terminologies to improve information retrieval, the
description of which is in the section 4. In the section 5 we describe the data-mining process
to extract new knowledge and relations between terms to allow users to extend their
searches.

2. The CISMeF catalogue

The CISMeF project was initiated in February 1995. As opposed to Yahoo, CISMeF is
cataloguing the most important and quality-controlled sources of institutional health
information in French. The CISMeF catalogue describes and indexes a large number of
health-information resources of high quality (n=13,452 in October 2003; n=90,056 in May
2012). A resource can be a web site, web pages, documents, reports and teaching material:
any support that may contain health information.

CISMeF takes into account the diversity of the end-users and allow them to find good
quality resources. These resources are selected according to strict criteria by a team of
librarians and are indexed according to a methodology which involves a four-fold process:
resource collection, filtering, description and indexing. CISMeF is a quality-controlled
gateway such as defined by Koch [4]. The following elements that characterize a typical
quality-controlled health gateway are fulfilled in CISMeF: selection and collection
development, collection management, intellectual creation of metadata, resource description
(a metadata set), resource indexing (with controlled vocabulary system). To include only
reliable resources, and to assess the quality of health information on the Internet, the main
criteria (e.g. source, description, disclosure, last update) of CISMeF are from HONCode'. In
the following sections we describe the set of metadata elements and the reference dictionary
used in the catalogue.

2.1. CISMeF metadata

The notion of metadata was around before the Internet but its importance has grown with
the increasing number of electronic publications and digital libraries. The World Wide Web
Consortium (W3C) have proposed that metadata should be used to describe the data

! http://www.hon.ch/
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contained on the web and to add semantic markup to web resources, thus describing their
content and functionalities, from the vocabulary defined in terminologies and ontologies.

Metadata are data about data, and in the web context, these are data describing web
resources. When properly implemented, metadata enhance information retrieval. The
CISMeF uses several sets of metadata. Among them there is the Dublin Core (DC) [7]
metadata set, which is a 15-element set intended to aid discovery of electronic resources. The
resources indexed in CISMeF are described by eleven of the Dublin Core elements: author,
date, description, format, identifier, language, editor, type of resource, rights, subject and title. DC is
not a complete solution; it cannot be used to describe the quality or location of a resource. To
fill these gaps, CISMeF uses its own elements to extend the DC standard. Eight elements are
specific to CISMeF: institution, city, province, country, target public, access type, sponsorships,
and cost. The user type is also taken into account. The CISMeF have defined two additional
fields for resources intended for health professionals: indication of the evidence-based
medicine, and the method used to determine it. For teaching resources, eleven elements of the
IEEE 1484 LOM (Learning Object Metadata) “Educational” category are added.

2.2. CISMeF controlled vocabulary

Thesauri are a proven key technology for effective access to information as they provide a
controlled vocabulary for indexing information. They therefore help to overcome some of
the problems of free-text search by relating and grouping relevant terms in a specific
domain. The main thesaurus used for medical information is the Medical Subject Headings
(MeSH) [8] thesaurus used by the U.S. National Library of Medicine to index MEDLINE
articles. The core of MeSH is a hierarchical structure that consists of sets of descriptors. At
the top level we find general headings (e.g. diseases), and at deeper levels we find more
specific headings (e.g. asthma). The 2012 version of the MeSH contains over 26,581 main
headings (e.g. hepatitis, abdomen) and 83 subheadings (e.g. diagnosis, complications).
Together with a main heading, a subheading allows to specify which particular aspect of the
main heading is being addressed. For example, the pair [hepatitis/diagnosis] specifies the
diagnosis aspect of hepatitis. For each main heading, MeSH defines a subset of allowable
qualifiers so that only certain pairs can be used as indexing terms (e.g. aphasia/metabolism and
hand/surgery are allowable, but hand/metabolism is not). The reference dictionary of CISMeF
(the structure of which is detailed in Table 1) was created between 1995 and 2005 exclusively
on the French version of the MeSH thesaurus maintained by the US National Library of
Medicine, completed by numerous synonyms in French collected by the CISMeF team.

Several add-ons were performed around the MeSH thesaurus to index Web resources
instead of scientific articles [9]: super-concepts (or Meta-terms) to optimize information
retrieval and categorization, and resource types (organized hierarchically since 1997 vs.
MeSH publication types’ hierarchy since 2006). Indeed, MeSH main headings and
subheadings are organized hierarchically but these hierarchies do not allow a complete view
concerning a specialty. The main headings and subheadings in the CISMeF controlled
vocabulary are brought together under metaterms (e.g. cardiology). Metaterms (n=73) concern
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medical specialties and it is possible by browsing to know sets of MeSH main headings and
subheadings qualifiers which are semantically related to the same specialty but dispersed in
several trees. The MeSH thesaurus was originally used to index biomedical scientific articles
for the MEDLINE database. In addition to the set of metaterms, the CISMeF team has modeled
a hierarchy of resource types (n=127), to customize MeSH to the field of e-health resources.
These resource types describe the nature of the resource (e.g. teaching material, clinical
guidelines, patient forums), and are a generalization or extension of the MEDLINE publication
types. Each resource in CISMeF is described with a set of MeSH main headings, subheadings
and CISMeF resource types. Each main heading, [main heading/subheading] pair, and
resource type is allotted a ‘minor’ or ‘major’ weight, according to the importance of the
concept it refers to in the resource. Major terms are marked by a star (*).

MeSH Terms MeSH Synonyms CISMeF synonyms Total
1 word 9,679 9,391 3,359 22,429
2 words 9,833 28,051 8,258 46,142
3 words 4,204 19,551 6,569 30,324
4 words and + 2,503 16,992 4,924 24,419

Table 1. Composition of the reference dictionary based on the MeSH in French.

2.3. Searching through the catalogue

Many ways of navigation and information retrieval are possible in the catalogue [6]. The
most used is the simple search (free text interface). It is based on subsumption relationships.
If the query can be matched with an existing term of the terminology, thus the result is the
union of the resources that are indexed by the term, and the resources that are indexed by
the terms it subsumes, directly or indirectly, in all the hierarchies it belongs to. If the query
cannot be matched, the search is done over the other fields of the metadata and in a worse
case a full-text search is carried out. Contrary to MEDLINE, the resource types and the
meta-terms were voluntary made ambiguous to maximize the recall (e.g. in the query
guidelines in virology, virology will be recognized as a meta-term (instead of a term) and
guidelines will be recognized as both the term and the resource type because we assume
most of end users confuse content and container). In the following section we propose some
simple enhancements for health information seekers’ queries matching.

3. Spell-checking queries

A simple spelling corrector, such as Google's "Did you mean:" or Yahoo's "Also try:" feature
may be a valuable tool for non-professional users who may approach the medical domain in
a more general way [10]. Such features can improve the performance of these tools and
provide the user with the necessary help. In fact, the problem of spelling errors represents a
major challenge for an information retrieval system. If the queries (composed by one or
multiple words) generated by information seekers remain undetected, this can result in a
lack of outcome in terms of search and retrieval. A spelling corrector may be classified in
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two categories. The first relies on a dictionary of well-spelled terms and selects the top
candidate based on a string edit distance calculus. An approximate string matching
algorithm, or a function, is required to detect errors in users' queries. It then recommends a
list of terms, from the reference dictionary, that are similar to each query word. The second
category of spelling correctors uses lexical disambiguation tools in order to refine the
ranking of the candidate terms that might be a correction of the misspelled query.

3.1. Related work

Several studies have been published on this subject. We cite the work of Grannis [11] which
describes a method for calculating similarity in order to improve medical record linkage.
This method uses different algorithms such as Jaro-Winkler, Levenshtein [12] and the
longest common subsequence (LCS). In [13] the authors suggest improving the algorithm for
computing Levenshtein similarity by using the frequency and length of strings. In [14] a
phonetic transcription corrects users' queries when they are misspelled but have similar
pronunciation (e.g. Alzaymer vs. Alzheimer). In [15] the authors propose a simple and
flexible spell-checker using efficient associative matching in a neural system and also
compare their method with other commonly used spell-checkers. In fact, the problem of
automatic spell checking is not new. Indeed, research in this area started in the 1960's [16]
and many different techniques for spell-checking have been proposed since then. Some of
those techniques exploit general spelling error tendencies and others exploit phonetic
transcription of the misspelled term to find the correct term. The process of spell-checking
can generally be divided into three steps:

i. error detection: the validity of a term in a language is verified and invalid terms are
identified as spelling errors;

ii. error correction: valid candidate terms from the dictionary are selected as corrections
for the misspelled term;

iii. ranking: the selected corrections are sorted in decreasing order of their likelihood of
being the intended term.

Many studies have been performed to analyze the types and the tendencies of spelling errors
for the English language. According to [17] spelling errors are generally divided into two types,
(i) typographic errors and (ii) cognitive errors. Typographic errors occur when the correct
spelling is known but the word is mistyped by mistake. These errors are mostly related to
keyboard errors and therefore do not follow any linguistic criteria (58% of these errors involve
adjacent keys [18] and occur because the wrong key is pressed, or two keys are pressed, or keys
are pressed in the wrong order ...efc.). Cognitive errors, or orthographic errors, occur when the
correct spelling of a term is not known. The pronunciation of the misspelled term is similar to
the pronunciation of the intended correct term. In English, the role of the sound similarity of
characters is a factor that often affects error tendencies [18]. However, phonetic errors are harder
to correct because they deform the word more than a single insertion, deletion or substitution.
Damereau [16] indicated that 80% of all spelling errors fall into one of the following four single
edit operation categories : (i) transposition of two adjacent letters (ashtma vs. asthma) (ii)
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insertion of one letter (asthmma vs. asthma) (iii) deletion of one letter (astma vs. asthma) and (iv)
replacement of one letter by another (asthla vs. asthma). Each of these wrong operations costs 1
i.e. the distance between the misspelled and the correct word [[17].

The third step in spell-checking is the ranking of the selected corrections. Main spell-
checking techniques do not provide any explicit mechanism. However, statistical techniques
[19] provide ranking of the corrections based on probability scores [20] with good results
[21]. HONselect [22] is a multilingual and intelligent search tool integrating heterogeneous
web resources in health. In the medical domain, spell-checking is performed on the basis of
a medical thesaurus by offering information seekers several medical terms, ranging from
one to four differences related to the original query. Exploiting the frequency of a given
term in the medical domain can also significantly improve spelling correction [23]: edit
distance technique is used for correction along with term frequencies for ranking. In [24] the
authors use normalization techniques, aggressive reformatting and abbreviation expansion
for unrecognized words as well as spelling correction to find the closest drug names within
RxNorm for drug name variants that can be found in local drug formularies. It returns only
drug name suggestions. To match queries with the MeSH thesaurus, Wilbur et al. [25]
proposed a technique on the noisy channel model and statistics from the PubMed logs.

3.2. Proposed method

Research has focused on several different areas, from pattern matching algorithms and
dictionary searching techniques to optical character recognition of spelling corrections in
different domains. However, the literature is quite sparse in the medical domain, which is a
distinct problem, because of the complexity of medical vocabularies. In this section, a simple
method is proposed: it combines two approximate string comparators, the well-known
Levenshtein [6] edit distance and the Stoilos function similarity defined in [26] for
ontologies. We apply and evaluate these two distances, alone and combined, on a set of
sample queries in French submitted to the health gateway CISMeF. A set of 127,750 queries
were extracted from the query log server (3 months logs). Only the most frequent queries
were selected. In fact some queries are more frequent than others. For example, the query
“swine flu” is more present in the query log than “chlorophyll”. We eliminated the doubles
(68,712 queries remained). From these 68,712 queries, we selected 25,000 queries to extract
those with no answers (7,562). A set of 6,297 frequent queries was constituted from the
original set of 7,562 by eliminating those that were submitted only once. In this set, the
queries were composed from 1 to 4 and more words as detailed in the Table 2.

Composition Number
1 word 1,061
2 words 1,636
3 words 1,443
4 (and more) words 2,157
Total 6,297

Table 2. Structure of the queries (with no answer) obtained from the logs.
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3.2.1. Similarity functions

Similarity functions between two text strings S1and S: give a similarity or dissimilarity score
between S: and S: for approximate matching or comparison. For example, the strings
"Asthma" and "Asthmatic" can be considered similar to a certain degree. Modern spell-
checking tools are based on the simple Levenshtein edit distance [12] which is the most
widely known. This function operates between two input strings and returns a score
equivalent to the number of substitutions and deletions needed in order to transform one
input string into another. It is defined as the minimum number of elementary operations
that is required to pass from a string Si to a string Sz. There are three possible transactions:
replacing a character with another, deleting a character and adding a character. This
measure takes its values in the interval [0, e [. The Normalized Levenshtein [27] (LevNorm)
in the range [0,1] is obtained by dividing the distance of Levenshtein Lev(Ss, S2) by the size of
the longest string and it is defined by the following equation ():

Lev (5,,5,)

LevN S,,5,)=
evNorm( 1 2) Max(|Sl Sz|)

1)

7

For example, LevNorm(eutanasia, euthanasia)=0.1, as Lev(eutanasia, euthanasia)=1 (adds 1
character h); leutanasial=9 and |euthanasial=10.

We complete the calculation of the Levenshtein distance by the similarity function Stoilos
proposed in [26]. It has been specifically developed for strings that are labels of concepts in
ontologies. It is based on the idea that the similarity between two entities is related to their
commonalities as well as their differences. Thus, the similarity should be a function of both
these features. It is defined by the equation (2) where Comm(S1,S2) stands for the
commonality between the strings S: and Sz, Diff(S1,52) for the difference between S1and Sz,
and Winkler(S1,S2) for the improvement of the result using the method introduced by
Winkler in [28]:

Sim (S, S, )= Comm(S, S, ) - Diff (S, S, ) + winkler (S, S, ) @)

The function of commonality is determined by the substring function. The biggest common
substring between two strings (MaxComSubString) is computed. This process is further
extended by removing the common substring and by searching again for the next biggest
substring until none can be identified. The function of commonality is given by the equation

(3):

2x Z|MaxC0mSubString ,.|
Comm (Sl,Sz) = ;

3)
[S:[+152|
For example, for Si=Trigonocepahlie and Sx=Trigonocephalie @~ we have:
IMaxComSubString:| = [Trigonocep!=10, |MaxComSubString2|  =lliel=3 and
Comm(Trigonocepahlie, Trigonocephalie) = 0.866.
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The difference function Diff(51,52) is based on the length of the unmatched strings resulting
from the initial matching step. The function of difference is defined in equation (4) where p
€[0, [,

Ug 1| and |u5 2| represent the length of the unmatched substring from the strings S:

and S: scaled respectively by their length :

|”51|X|”sz|

Dff(S.,S,) =
U (1 p)x (s + s = s | x s )

(4)

For example for Si=Trigonocepahlie and S2=Trigonocephalie and p=0.6 we have: |u s ,| =2/15;
lus.| =2/15; Diff(S1,52) =0.0254.

The Winkler parameter Winkler(S1,S2) is a factor that improves the results. It is defined by
the equation (5) where L is the length of common prefix between the strings S: and S: at the
start of the string up to a maximum of 4 characters and P is a constant scaling factor for how
much the score is adjusted upwards for having common prefixes. The standard value for
this constant in Winkler's work is P=0.1 :

Winkler(S,,S, ) = Lx Px(1—Comm(S,,S,)) (5)

For example, for between Si=hyperaldoterisme and Sx=hyperaldosteronisme, we have
IS11=16, 1521=19; the common substrings between S1 and S: are hyperaldo, ter, and isme.
Comm(51,52)=0.914; Diff(S1,52)=0; Winkler(51,52)=0.034 and Sim(hyperaldoterisme hyper
aldosteronisme)=0.948.

3.2.2. Processing users’ queries

As detailed in [18], spelling errors can be classified as typographic and phonetic. Cognitive
errors are caused by a writer's lack of knowledge and phonetic ones are due to similar
pronunciation of a misspelled and corrected word. We pre-process the queries by a phonetic
transcription with the algorithm described in [14]. To process multi-word queries, we used
the following basic natural language processing steps and the well-known Bag-of-Words
(BoW) algorithm before applying similarity functions:

1. Query segmentation: the query was segmented in words thanks to a list of segmentation
characters and string tokenizers. This list is composed of all the non-alphanumerical
characters (e.g.: * $,/§; | @).

2. Character normalizations: we applied two types of character normalization at this stage.
MeSH terms are in the form of non-accented uppercase characters. Nevertheless, the
terms used in the CISMeF terminology are in mixed-case and accented. (1) Lowercase
conversion: all the uppercased characters were replaced by their lowercase version; “A”

"y

was replaced by “a”. This step was necessary because the controlled vocabulary is in
lowercase. (2) Deaccenting: all accented characters (“éeéé”) were replaced by non-
accented (“e”) ones. Words in the French MeSH were not accented, and words in

queries were either accented or not, or wrongly accented (hépatite” instead “hépatite”).
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3.  Stop words: we eliminated all stop words (such as the, and, when) in the query. Our stop
word list was composed 1,422 elements in French (vs. 135 in PubMed).

4. Exact match expression: we use regular expressions to match the exact expression of each
word of the query with the terminology. This step allowed us to take into account the
complex terms (composed of more than one word) of the reference dictionary and also
to avoid some inherent noise generated by the truncations. The query ‘accident’ is
matched with the term ‘circulation accident’ but not with the terms ‘accidents’ and ‘chute
accidentelle’. The query 'sida’ is matched with the terms ‘lymphome lié sida’ and 'sida
atteinte neurologique’ but not with the terms ‘glucosidases’, ‘agrasidae’ and ‘béta
galactosidase’ which are not relevant.

5. Phonemisation: It converts a word into its French phonemic transcription: e.g. the query
alzaymer is replaced by the reserved term alzheimer.

6.  Bag of words: The algorithm searched the greatest set of words in the query corresponding
to a reserved term. The query was segmented. The stop words were eliminated. The other
words were transformed with the Phonemisation function and sorted alphabetically. The
different reserved term bags were formed iteratively until there were no possible
combinations. The query ‘therapy of the breast cancer’ gave two reserved words:
'therapeutics” and ‘breast cancer’ (therapy being a synonym of the reserved term therapeutics).

3.2.3. Evaluations

To evaluate our method of correcting misspellings, we used the standard measures of
evaluation of information retrieval systems, by calculating precision, recall and the F-
Measure. We performed a manual evaluation to determine these measures. Precision (6)
measured the proportion of queries that were properly corrected among those corrected.

. Queries correctly corrected} |
Precision =

(6)

|{Queries corrected }|

Recall (7) measured the proportion of queries that were properly corrected among those
requiring correction.

Queries correctly corrected }|

|{Queries to be corrected}|

Recall =

The F-Measure combined the precision and recall by the following equation (8) :

F - Measure — 2 x Precision x Recall ®)
( Precision + Recall )

We also calculated confidence intervals at p=5% to avoid evaluating the whole set of queries,
but some sets that are manually manageable. For a proportion x and a set of size nx the
confidence interval is:
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Cl =|x-196x U791 1965 1Y) 9)
nX nx

The Levenshtein and Stoilos functions require a choice of thresholds to obtain a manageable

3.2.4. Results

number of correction suggestions for the user. We tested, in a previous work, different
thresholds [29] for the normalized Levenshtein distance, the similarity function of Stoilos
and for the combination of both on a set of 163 queries. The best results were obtained with
Levenshtein>0.2 and Stoilos>0.7. To determine the impact of the size of the query we
measured the number of suggestions of corrected queries (on the set of 6,297 frequent
queries) in the Table 3. For a user, the maximum number of manageable suggestions for one

query was 6.
Nb characters Nb suggestions by query
1 word query Min = 3; Avg =10.49 ; Max =25 Avg=0.39;Max=5
2 words query Min =5; Avg = 18.36; Max =41 Avg=022;Max=6
3 words query Min =10; Avg = 24.39; Max =54 Avg=0.13; Max =1
4 words and +query Min = 11; Avg = 37.30; Max =113 Avg=0.06; Max =1

Table 3. Number of suggestions according to the size of the queries.

Manual evaluations were performed on sets of ~1/3 of each type of queries. Evaluations of
the quality of queries suggestions (Precision, Recall and F-Measure) were performed
manually on several sets, according to the size of the query, but also according to the
following methods : Bag-of-Words, Levenshtein distance alongside the Stoilos similarity
function, but also the Bag-of-Words processed before and after the combination of the
Levenshtein distance along with the Stoilos similarity function. Levenshtein and Stoilos
remained constant at <0.2 and >0.7 respectively. The resulting curves are in Figures 1, 2 and
3. By combining the Bag-of-Words algorithm along with the Levenshtein distance and the
similarity function of Stoilos, a total of 1,418 (22.52 %) queries matched medical terms or
combinations of medical terms. The remaining queries with no suggestions (when terms and
also the possible combination of terms) not belong to the dictionary. For 1-word queries, it
remained 711 (67%), for 2-words queries it remained 1197 queries (73.16%); for 3-words
queries it remained 1126 (78.08%) and for 4 words queries it remained 1,846 queries
(85.58%). For example, the query "nutrithérapie" (nutritherapy) contains no error but cannot
be matched with any medical term in the reference dictionary. Evaluations shown that best
results were obtained by performing the Bag-of-Words algorithm before the combination of
Levenshtein alongside Stoilos.
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Figure 1. Precision curves according to the size of the query.
100%
90%
R 80%
e 70%
60% =S
¢ ooy ~ BoW_LS
3 40% —>=BoW
I 30% BoW ~—LS_BoW
I 20%
[S_BoW
L0% i BoW_LS
0% LS
1 2 3 4
Number of words

Figure 2. Recall curves according to the size of the query.
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The different experiments we performed show that with 38% recall and 42% precision,
Phonemisation cannot correct all errors : it can only be applied when the query and entry
term of the vocabulary have similar pronunciation. However, when there is reversal of
characters in the query, it is an error of another type: the sound is not the same and
similarity distances such as Levenshtein and Stoilos can be exploited here. Similarly, when
using certain characters instead of others ("ammidale" instead of "amygdale"), string
similarity functions are not efficient. The best results (F-measure 64.18%) are obtained
with multi-word queries by performing the Bag-of-Words algorithm first and then the
spelling-correction based on similarity measures. Due to the relatively small number of
correction suggestions (min 1 and max 6), which are manually manageable by a health
information seeker, we have chosen to return an alphabetically sorted list rather than
ranking them.
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Figure 3. F-Measure curves according to the size of the query.

3.3. Simple heuristics

The complex terms matching is more requiring than simple terms matching. The CISMeF
team editorial policy concerning the queries' rewriting consists in maximizing as much as
possible the Doc'CISMeF recall. This approach is mainly due to the size of the CISMeF's
corpus (n=90,056 vs. several million in the MEDLINE database). When all the terms of the
query couldn't be recognized as reserved terms or couldn't be corrected by our spell-
checker, we have implemented 5 main heuristics:
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Step 1. The reserved terms: The process consists in recognizing the user query expression. If
it matches a reserved term of the terminology, the process stops, and the answer of the
query is the union of the resources that are indexed by the term, and the resources that
are indexed by the terms it subsumes, directly or indirectly, in all the hierarchies it
belongs to. If it doesn't match a reserved term, the query is segmented into seek if it
contains one or more reserved terms. The query ‘enfant asthme’ is replaced by the
Boolean query (enfant.mr AND asthme.mr), where enfant and asthme are reserved terms
(mr). The reserved terms are matched thanks to the bag of words algorithm
independently of the words query order.

Step 2. The documents’ title: The search is performed over the other fields of the metadata.
The title of the documents is considered in priority. The stop words are eliminated and
the search is realized over the union of the words of the query with a truncation (*) at
the right in the field title (ti), as the following: word:*.ti AND word:*.ti for a 2-words
query.

Step 3. Mixing the reserved terms and the titles: The system seeks if some words are reserved
terms or not. A new Boolean query is generated with the fields reserved term (mr), if the
word is a reserved term, and title (¢i) if not. The query ’allergie infantile' is replaced by
the Boolean query (allergie.mr AND infantile.ti).

Step 4. Mixing the reserved terms, all fields and adjacency in the titles : The search is processed
over all the fields (tc) of the documents' metadata for the words that couldn't be
recognized as reserved terms UNION the initial query processed over all the fields with
adjacency (at) at n words with n=5*nb words of the query-1). The query ’'les problems
respiratoires des enfants' is replaced by the Boolean query [(enfant.mr AND problemes.tc
AND respiratoires.tc ) OR (problemes respiratoires enfant.at)]. In this query, the word enfant
is recognized as a reserved term because it has the same sonority as the reserved term
enfants. The words problemes and respiratoires are searched over all the fields and the
initial query problémes respiratoires enfants is searched over all the fields with adjacency
of 10 which means that these 3 words shouldn't be distant at more than 10 words.

Step 5. Mixing the reserved terms, all fields and adjacency in the plain texts : A plain text search
over the documents with adjacency (ap) of n words with n=10%*(nb words of the query-
1) is realized. The query 'bronchite asthmatiforme’ is replaced by the Boolean query
(bronchite asthmatiforme.ap) where the words bronchite and asthmatiforme shouldn't
be distant at more than 10 words in the plain texts of the documents.

An intuitive scale of interpretation (from Step 1 to Step 5) is available to inform the users
about their queries operations and rewritings. By using these simple heuristics, 65% of the
queries returned documents (27% by the step 1; 7% by the step 2; 4% by the step 3; 10% by
the step 4 and 17% by the step 5).

We describe in the next section how to maximize information retrieval by meta-modeling.
The relevance on using multiple medical terminologies to improve information retrieval
versus only the MeSH thesaurus is also evaluated.
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4. Meta-modeling

To maximize information retrieval through the catalogue, one another enhancement is to
gather all the MeSH terms that are related to a given specialty, since they can be dispersed
among the 16 MeSH branches. On the other hand, the use of multiple terminologies is
recommended [29] to increase the number of the lexical and graphical forms of a biomedical
term recognized by a search engine. Since 2007, the CISMeF resources are indexed using the
vocabulary of 23 other terminologies and classifications, most of them being bilingual
(English and French). To supply health information seekers with the terminologies available
in French, these terminologies are accessible through the Health Multiple Terminologies and
Ontologies Portal (HeTOP) [31].

4.1. MeSH meta-terms for information retrieval

The MeSH thesaurus is partitioned at its upper level into 16 branches (e.g. Anatomy,
Diseases). The core of MeSH thesaurus is a hierarchical structure that consists of sets of
descriptors. However, these hierarchies do not allow a complete view concerning a
specialty. The main headings and subheadings in the CISMeF controlled vocabulary are
gathered under meta-terms (e.g. cardiology) (Figure 4). Meta-terms (n=73) concern medical
specialties and it is possible by browsing to know sets of MeSH main headings and
subheadings which are semantically related to the same specialty but dispersed in several
trees. Meta-terms have been created to optimize information retrieval in CISMeF and to
overcome the relatively restrictive nature of MeSH headings. For example a search on
“guidelines” or “virology”, where cardiology and virology are descriptors, yield few
answers. Introducing cardiology and virology as meta-terms is an efficient strategy to obtain
more results because instead of exploding one single MeSH tree, the use of meta-terms
results in an automatic expansion of the queries by exploding other related MeSH trees
besides the current tree, using the well-known automatic query expansion process. In other
words, a query using a meta-term corresponds to the union of all the queries for all the
terms semantically linked to it. A comparison of the results of MeSH term-based queries and
SC-based queries showed an increased recall with no decrease in precision [33].

4.2. Multiple-terminologies meta-terms

The use of multiple terminologies is recommended [29] to increase the number of the lexical
and graphical forms of a biomedical term recognized by a search engine. For this reason,
CISMeF evolved recently from a single terminology approach using the MeSH main
headings and subheadings to a multiple terminologies paradigm using, in addition to the
MeSH thesaurus, vocabularies and classifications that deal with various aspects of health.
Among them, the Systematized NOmenclature of MEDicine (SNOMED 3.5), the French
CCAM for procedures [34], Orphanet for rare diseases? and some classifications from the
World Health Organization : the 10* revision of the International Classification of Diseases®

2 www.orpha.net
3 http://www.who.int/classifications/icd/en/
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(ICD10), Anatomical Therapeutic Chemical (ATC) Classification for drugs , ICF for
handicap, ICPS for patient safety, MedDRA* for adverse effects. These terminologies were
fully integrated into the CISMeF back-office. They can be used for indexing resources
(allowing a more precise indexing) and thus for querying the catalogue. However, the
addition of multiple terminologies to CISMeF did not induce modifications in the tasks
performed for using, maintaining and updating the catalogue. The richest source of
biomedical terminologies, thesauri, classifications is constituted by the Unified Medical
Language System (UMLS) Metathesaurus initiated in by the U.S. NLM with the purpose to
integrate information from a variety of sources. Nonetheless, the Metathesaurus does not
allow interoperability between terminologies since it integrates the various terminologies as
they stand without making any connection between the terms in the terminologies other
than by linking equivalent terms to a single identifier in the Metathesaurus. The approach in
CISMeF has the advantage of combining respect for the original structure of each of the
terminologies with a re-grouping of the meta-data inherent in each terminology.

New terminologies have been linked to meta-terms manually by experts in CISMeF: one
physician for ICD10, which is partitioned into 22 chapters, and the CCAM; one pharmacist-
librarian for ATC, and one medical resident for the terms of the Foundational Model of
Anatomy. For instance, the meta-term "cardiology" was initially linked to MeSH main
headings such as "cardiology", "stents", and their descendants. With the integration of new
terminologies, additional links completed the definition of the meta-term “cardiology”: links

to "cardiovascular system", "Antithrombotic agents" and others from ATC, links to "Cardio-
myopathy", "Heart" and their descendants from ICD10 and so on.

4.2.1. Test queries

Our aim is to compare the precision and recall of multiple terminologies meta-terms (mt-mt)
to MeSH meta-terms (M-mt) in CISMeF. Since mt-mt are based on M-mt plus semantic links to
some terms in other terminologies, the query results for M-mt are all included in the query
results for mt-mt, which became the gold standard for recall. We have then to evaluate the
precision of the query retrieving resources indexed by a term linked to M-mt (MeSH meta-
term query), on the one hand, and by a term linked to mt-mt and not to M-mt (A query) on the
other hand. For this purpose, we build Boolean queries using the meta-terms themselves. For
example, for the "surgery" meta-term, the MeSH meta-term (M-mt) query is "surgery[M-mt]".
The A query is: "surgery[mt-mt] NOT surgery[M-mt]'. Retrieved resources returned were
assessed for relevance. We detail in the next section the criteria we have used for evaluation.

4.2.2. Evaluations

The resources returned by the CISMeF's search tool using automatic query expansion were
assessed for relevance according to a three modality scale used in other standard
Information Retrieval test sets: irrelevant (0), partly relevant (1) or fully relevant (2). A
physician manually assigned relevance scores (0;1;2) to the top 20 resources returned for

* http://www.meddramsso.com
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each meta-term query. The results of the evaluation are given in the Table 4. We chose to
assign relevance scores to the top twenty resources returned because 95% of the end-users
do not go beyond this limit when using a general search engine [35]. For the purpose of
assessing meta-terms for Information Retrieval, we have developed a test collection
comprising relevance judgments for the top 20 resources returned for a selection of 20 eta-
terms queries. Table 4 shows that the queries yielded 118,772 resources, of which 708 were
assessed for relevance (0.6%). Weighted precisions for MeSH meta-terms queries and for A
queries were computed given the level of relevance considered and compared using x? test.
Indexing methods and meta-terms were compared too. Relative recall for MeSH meta-terms
queries were computed given the level of relevance considered.

MEDICAL

SUBJECT

HEADINGS [¥3] o  Tem

Figure 4. Gathering MeSH main headings and subheadings under meta-terms. Resource types are modelled
to describe the nature of a resource because of the heterogeneity of resources.

The mean weighted precision of A queries was 0.33 and 0.76 for, respectively, full and
partial relevance. The mean precision of MeSH meta-terms queries was 0.66 and 0.80 for,
respectively, full and partial relevance. The difference between MeSH meta-terms and
multiple terminologies meta-terms was significant for full relevance (0.66 vs 0.61; p<10%, x?)
but not for partial relevance (both 0.80; p=0.3, x?). The mean recall of MeSH meta-terms
queries was 0.92 and 0.86 for, respectively, full and partial relevance. Table 5 shows that,
whatever the relevance considered was, results varied significantly according to the
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indexing method: manual (precision of 0.50 and 0.81 for, respectively, full and partial
relevance) perform better than automatic (precision of 0.38 and 0.48 for, respectively, full
and partial relevance), and to the studied meta-term.

Relevance on 20 doc
Meta-Term Query Type | Nb of documents Not| Partially | Totally
Diagnosis MeSH 13,132 0 2 15
Delta 350 14 1 5
Toxicology MeSH 11,980 0 0 20
Delta 482 16 1 3
Neurology MeSH 9,325 8 4 8
Delta 2,168 11 5 4
Infectious Diseases MeSH 6,557 0 0 20
Delta 2,573 3 16 1
Paediatrics MeSH 7,560 4 4 12
Delta 251 2 4 13
Cardiology MeSH 5,288 1 0 18
Delta 2,388 4 10 6
Oncology MeSH 5,626 0 1 18
Delta 1,063 2 14 4
Surgery MeSH 5,504 17 0 3
Delta 320 5 0 15
Rheumatology MeSH 4,408 3 8 9
Delta 856 11 5 4
Gastroenterology MeSH 4,069 0 0 20
Delta 1,106 8 11 1
. MeSH 4,598 1 17
Allergies and Immunology Delta 573 ) 17 1
. MeSH 3,797 14 2
Metabolism Delta 849 0 2 18
Dermatology MeSH 3,196 7 0 13
Delta 1,427 0 4 16
Nutrition MeSH 3,455 0 1 19
Delta 1,027 0 9 11
Preumology MeSH 3,466 0 7 12
Delta 584 0 14 6
Gynaecology MeSH 3,186 6 1 12
Delta 850 0 19
Obstetrics MeSH 3,063 5 1 12
Delta 316 20 0
Virology MeSH 3,122 1 11 6
Delta 257 0 20 0
Total MeSH 101,332 67 59 223
Delta 17,440 98 134 127

Figure 5. Relevance of resources retrieved by 18 meta-terms queries on top 20 documents.
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Variable Full Relevance Partial Relevance
Specific Query (M-mt vs mt-mt) p<10-4 p=03
Indexing Method p =0.004 p <10+
Meta-Term p<10-4 p <10+

Figure 6. Determinants of relevance; x2 test.

To complete the information retrieval process and to allow interactive query expansion with
the health information seeker, we propose in the next section to use "new" knowledge
represented as association rules extracted by data-mining process.

5. Knowledge extraction

The knowledge-approach is based upon a data-mining process, called association rules,
which can infer "new" relations between medical concepts. A data-mining system may
generate several thousands and even several millions frequent association rules, and only
some of these will be interesting. In this section we will show how only the most relevant
association rules are mined using Formal Concept Analysis and Galois closure. We consider
a relevant association rule as being non-redundant with a minimal antecedent and a
maximal consequent, which is particularly useful for query expansion.

5.1. Association rules

The discovery of association rules is a widely used technique in data-mining. The general
problem was described in [36], in which relations were discovered among pieces of data
(called items). An association rule is interesting if it is easily understood by the users, valid
for new data, useful, or confirms a hypothesis. The task of association rule mining can be
applied to various types of data: any data set containing multiple items.

5.1.1. Definitions

Let I be a set of items, called itemset, and D a database of transactions where each
transaction T (Te D) is an itemset. An association rule is an implication rule expressed in the
form of: Ii—I> where I1 and Iz are two itemsets I, I I so that [1 N 12 =&. The rule expresses
that whenever a transaction T contains 1 then T probably also contains I2. In other words,
the implication rule means that the apparition of the itemset I in a transaction T, implies the
apparition of the itemset I in the same transaction. However, the reciprocal implication
does not have to happen necessarily. I1 is called antecedent and I is called consequent.

5.1.2. Support

The support of an association rule represents its utility. This measure corresponds to the
proportion of objects which contains at the same time the rule antecedent and consequent. It
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is possible to calculate the support of an association rule from the support of an itemset.
Supp(lx) the support of the itemset Ik is defined as the probability of finding Ik in a
transaction of T:

|{teT/1kgt}|

Supp(1,) = 10
The support of the rule Ii—1I> written as Supp(Ii—12) is calculated as follows:
Supp(1>—> 1,) = Supp(1, V1) (11)

5.1.3. Confidence

The confidence of an association rule represents its precision. This measure corresponds to
the proportion of objects that contains the consequent rule among those containing the
antecedent. The confidence of the rule I1—I>, written as Conf(li—1I2) is calculated as
follows:

Conf(l, — 1,) = 2P 2 L) (12)

Supp(I,)

Two types of rules are distinguished: exact association rules that have a confidence equal to
100%, i.e. verified in all the objects of the database and approximate association rules that
confidence<100%.

5.2. Data-mining algorithms

Several methods are used to extract all of the association rules from a database. The simplest
method consists of enumerating all the itemsets from which all the possible association rules
could be generated. The total number of itemsets for a database that contains n Boolean
attributes is 2". This naive method is inapplicable to real-life databases. A more efficient
method involves computing itemsets that have a support higher than a given threshold.
They are called frequent itemsets. The association rules extraction time depends on the
frequent itemsets extraction time. Several accesses to the database are necessary to
compute the number of database objects in which each frequent itemset candidate is
contained. The association rules algorithms by level consider in each iteration a set of
itemsets of a particular size, i.e. a set of itemsets in a level of the itemsets lattice. The
following properties are used by these algorithms to limit the number of the itemsets
candidates: all of the super-sets of an infrequent itemset are infrequent, and all the subsets
of a frequent itemset are frequents [37]. This method is founded on the two-stepped
model that finds all of the rules that satisfy user-specified minimum support and
confidence: (i) Generate all large itemsets that satisfy minimum support and (ii) From
large itemests generate all association rules that satisfy minimum confidence. Apriori
algorithm [37] realizes a number of database accesses equal to the size of the larger
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frequent itemsets. Many researchers have tried to improve various aspects of Apriori,
such as the number of passes and accesses to the data-bases or the time efficiency of those
passes. We have chosen to adapt the A-Close algorithm [38] in which new bases for
association rules are deduced from the closed frequent itemsets and their generators.
These bases consist of non-redundant association rules of minimal antecedents and
maximal consequents, i.e. the most relevant association rules and are defined by using the
closure operator of the Galois connection of a finite binary relation. All frequent itemsets
and their support, and therefore all association rules, are deduced efficiently from the
frequent closed itemsets without accessing the database.

5.3. Extracting knowledge from e-Health documents

Our experiments are carried out on the CISMeF database. An extraction context is a triplet
C=(0, I, R) where O is the set of objects, I is the set of all the items and R is a binary relation
between O and I. Applying this model to our database, the objects are the indexed e-health
documents. Each document has a unique identifier and a set of associated descriptors. These
descriptors may be MeSH main headings and associations between MeSH main headings
and MeSH subheadings. The relation R represents the indexing relation between an object
and an item, i.e. a descriptor that belongs to I. We studied different extraction contexts by
applying and adapting the A-Close algorithm such as the context of categorized
documents, according to the user type and to meta-terms. There is an average of 6.5
descriptors by document in CISMeF with a minimum of 1 and a maximum of 300. This
constraint on the number of descriptors i.e. the size of the set of items has been considered
in the implementation phase of the A-Close algorithm. Indeed, A-Close works on
databases with a maximum of 12 items. We have added another requirement to the
implementation to avoid long time generation: maximal size of the closed itemsets is fixed
to 300 items as it corresponds to the maximum number of descriptors for the documents.
As an output, the association rules may be visualized in a file or automatically added to
the database to be used in the information retrieval process, mainly by interactive query
expansion.

5.3.1. Extracting knowledge from all the database

- Case 1: In the first case, let I be the set of main headings (MH), which, via R, are used to
index a subset O of 11,373 documents. The 11,373 documents were selected at random.
We have fixed the support threshold as minsup=20 and the confidence threshold as
minconf=70%. A total of 11,819 rules were mined (2,438 exact with confidence=100%;
9,381 approximate with confidence>70%). The number of rules is too high to be
manually analyzed by our experts (physicians or medical librarians).

- Case 2: In the second case, let I be the set of main headings (MH) and subheadings (SH)
associated with the set of documents O. I=s{MH}({SH}. We obtained 16,976 rules (5,241
exact; 11,738 approximate). The same conclusions are drowned from the case 1 : too
numerous rules to be evaluated manually.
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- Case 3: In the third case, I is the set of the associations of main headings and
subheadings (MH/SH) related to the documents. [={[MH/SH]}. Association rules
between couples of (MH/SH) are more precise than association rules between main
headings, and between main headings and subheadings since a subheading specifies a
particular aspect of a main heading. With the same thresholds as in cases 1 and 2, the
number of rules is 2,565 (648 exact rules; 1,917 approximate rules).

The extracted association rules in the precedent cases are related to the medical domain. To
obtain more precise rules we performed experiments on categorized documents according
to groups of users: students in medicine, health professionals, and general public to evaluate
the influence of categorization on the generation of association rules.

5.4. Categorizing documents according to health information seekers

In CISMeF, mainly three types of health information seekers are categorized: professionals,
students in medicine, patients and lay people. We consider three major resource types:
guidelines*, education* and patients*. We also consider two kinds of itemsets: the set of
major main headings I={MH*} and the set of major (main heading/subheading) pairs
I={{MH/SH]*)}. The collection is detailed in Table 6.

Resource type Documents Items Min Max Mean

MH* 1 64 5.21

Guidelines* 2,727
MH/SH* 1 70 6.12
MH* 0 25 1.63

Patients* 3,272
MH/SH* 0 30 1.82
MH* 0 25 2.22

Education®* 3,610
MH/SH* 0 34 2.73

Table 4. Description of the collections of documents.

For all contexts, the minimum support threshold was fixed to minsup=20 and the minimum
confidence threshold was fixed to minconf=70% (Table 7). We obtained association rules
between major main headings MH* in the first context where I={MH*} and between
[MH/SHJ* pairs for I={[MH/SH]*}. For the major resource types patients* and education*
all association rules (100%) are between two MHs* and between [MH/SH]* i.e. one
descriptor in the antecedent and one descriptor in the consequent. For the major resource
type guidelines®, 24% of the rules are between more than two descriptors. The
characteristics of documents may explain these results: average descriptors were from
1.63 to 2.22 for patients* and education* whereas they were from 5.21 to 6.12 for
guidelines*.
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Item=MH* Item=[MH/SH]*
Resource types
Nb rules| ER AR |Nb pairs | Nbrules| ER AR | Nb pairs
12 38 38 8 31 35
Guidelines* 50 39
24% | 76% 76% 20.51%|79.49% | 76%
9 11 20 8 11 19
Patients* 20 19
45% | 55% 100% 42.1% | 57.9% | 100%
6 17 23 13 12 25
Education* 23 25
26.09% |73.91% | 100% 52% | 48% 100%

Table 5. Number of rules, exact rules (ER), approximate rules (AR), and number of pairs.

5.4.1. Evaluation of the extracted knowledge

Not all of the association rules extracted were evaluated: according to the context
extraction and the itemset I there are more or less association rules. The more the
collection is specialized, and the itemset size is reduced, the less we have association rules
to evaluate. As defined, an interesting association rule confirms or states a new
hypothesis [38].

Here, we proposed to combine background domain knowledge with simple statistical
measures used traditionally in association rules mining for evaluation. We considered
several cases of interesting association rules according to relations between MeSH headings.
As these relations are defined between two main headings and between two subheadings,
we considered only the association rules between two elements. Hence, an interesting
existing association rule could associate: a (in)direct son and its father (relation FS); two
descriptors that belong to the same hierarchy (same (in)direct father) (relation BR); two
descriptors with See Also relation (relation SA). These rules are automatically classified
thanks to the MeSH structure. The other rules that satisfy the minsup and minconf are then
considered as «new» interesting association rules.

Exact association rules, except for collection patients®, are mostly new interesting rules:
from 62.5% to 87.4%. Therefore, existing rules are mainly from the patients* collection:
77.8% for MH* and 75% for MH/SH*. However, approximate rules, are mostly existing
rules (Table 8). Subjective interest measures are based on expert knowledge about the
data, i.e. that of physicians and medical librarians in this context. New interesting rules for
the contexts MH* and [MH/SH]* pairs are evaluated manually. 93.8% (resp. 84.8%) of the
interesting new rules with conf=1 (resp. conf>(0.7) between major descriptors are
validated.
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Exact rules Approximate rules
Resource Items Existing knowledge Existing knowledge
types New New
FS BR SA FS BR SA
M i ) 4 8 2 7 10 12
33.3% | 66.7% | 5.3% | 18.4% | 26.3% |31.6%
Guidelines*
1 1 1 5 3 3 9 13
*
MH/SH 12.5% | 12.5% | 12.5% |62.5% | 9.7% | 9.7% | 29% | 42%
ML i 5 2 2 2 2 4 3
55.6% | 22.2% |22.2% | 18.2% | 18.2% | 36.3% |27.3%
Patients*
5 1 2 2 2 3 7
* -
MH/SH 62.5% | 12.5% | 25% | 18.2% | 18.2% | 27.3% | 36.3%
ME* 1 1 i 4 2 6 3 6
16.7% | 16.7% 66.6% | 11.8% | 35.3% | 17.6% |35.3%
Education*
1 1 11 2 3 2 5
* -
MH/SH 7.7% 77% | 874% | 16.8% | 25% | 16.8% |41.4%

Table 6. Association rules evaluation according to the MeSH structure

5.5. Knowledge-based query expansion

Our objective is to re-use the numerous association rules that we extracted from the CISMeF
database into the information-retrieval process by query expansion. We use Interactive
Query Expansion. For example, the association rule breast cancer — mammography is
extracted from the corpus because the keywords breast cancer and mammography are
frequently used together to index the documents. This association rule is as a “new” one
because it doesn’t exist in the domain knowledge which is, in our case, the MeSH thesaurus.
When applying the association rule breast cancer — mammography on a query containing the
term breast cancer, an interactive query expansion proposes to the user e-health documents
related to mammography to complete the search. In medicine and health-related information,
[40] have already investigated an efficient algorithm for association rule mining using the
MeSH thesaurus. They adopted a MeSH-indexed representation of MEDLINE records, but
the evaluation of the interest of the mined associations with respect to the task of PubMed
retrieval improvement was not considered by the authors. In [41] many other works on
information retrieval and query expansion in the biomedical domain are also presented.
Methods to perform query expansion with promising results involve mining user logs [41]
and constructing user profiles. And another study on logs in PubMed for searching
biomedical and life-science literature online has been performed by [43].

In the literature, a number of methods for performing query expansion have been
developed. The solutions given are based mainly on two approaches. The first is the
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augmentation of query terms to improve the retrieval process without user intervention.
The second is the suggestion of new terms to the user which can to be added to the original
query to guide the search towards a more specific document space. The first case is called
automatic query expansion whereas the second case is called semi-automatic query-
expansion. In [44], the authors tried to evaluate and compare the efficiency of the two
methods. Despite the fact that their experiments were based on simulations and not on real
human users in most of the cases, the results of the experiments showed that the interactive
query expansion method gave more control to the searcher who knows her utility better
than any automated system. Researchers also turned to methods such as lexical co-
occurrence [45]. Lexical co-occurrence is the process of developing relationships between
words based upon their co-occurrence in documents. The similarity of the method we
have proposed here with lexical co-occurrence is that the source, which provides the
candidate terms for expansion, is the set of the retrieved documents as opposed to some
knowledge structure as in thesaurus-based approaches. As a consequence, if the user
chooses terms that do not yield results from the expected domain, the terms suggested by
the query-expansion algorithm are unlikely to be helpful to the user. A solution may be a
simple spell-checker.

5.6. Evaluating query expansion based on association rules

Many ways of navigation and information retrieval are possible in the catalogue. The most
used is the simple search (free text interface). As stated in the section 2, it is based on the
subsumption relationships. A query (a word or an expression) can be matched with an
existing concept. In this case, the result of the query is the union of the resources that are
indexed by the concept, and the resources that are indexed by the concepts it subsumes,
directly or indirectly, in all of the hierarchies it belongs to. The co-occurrence tools developed
for information retrieval bring the terms which frequently appear in the same documents
closer together. These terms thus have a semantic proximity. This technique was used very
early to allow query expansion. By analogy, association rules may be exploited in a search
engine by carrying out an interactive query expansion. This helps the user to formulate
his query by using the result of a query to reformulate, filter and re-orientate the query by
exploiting the terms related to his query terms. In fact, the user can select suggested terms
sets to add them to his initial query. It is useful in the case of non-precise information
needs. IQE requires user implication. We developed a web-based evaluation tool of the
IQE used by a set of 500 users which are subscribers of the weekly letter “What’s new” of
CISMeF. 20 queries, and for each one a set of medical terms derived from the extracted
association rules were proposed. The evaluation was performed thanks to a Likert scale.
The results (76% of the users were satisfied by the propositions) demonstrate the
usefulness of this approach. An expanded query by association rules contains more
related terms. By using the vectorial model, for example, more documents will be located
and this treatment increases recall. In addition, association rules are indication on the
possible definition of a term or its context.
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6. Conclusions

We have presented in this chapter useful methods to help health information seekers to find
resources on the Internet which is the most popular way used nowadays. The experiences
were carried out on the CISMeF catalogue in French, but are reproducible for other e-health
applications in other languages. These methods include simple ones such as heuristics and
spell-checking, and more sophisticated ones such as knowledge extraction from e-health
documents.
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1. Introduction

Electronic health records (EHR) are being implemented in countries around the world, as
the hope is that they will allow health personnel to have more timely access to information
about patients and their medical history, and to improve quality of care. These objectives
have translated into major expenditures and effort in order to try to implement national
EHRs. The United States, for example, passed the Health Information Technology for
Economic and Clinical Health (HITECH) provisions of the American Recovery and
Reinvestment Act of 2009 [1]. In England, from 2003 to 2010, the government spent $20.6
billion on the National Programme for Information Technology (NPfIT) [2]. In Canada, it
has been reported that $1.6 billion has been alloted to this effort [3].

Along with expenditures and efforts to implement these systems, there has recently been an
interest in the evaluation of national projects to implement an EHR, both in terms of the
results that have been achieved and the road that has been taken [2-4]. Although evaluations
of the implementation of national EHRs are still relatively scarce, there have been some
remarkable efforts. For example, in the case of England, Greenhalgh et al. [2] note that the
national EHR project was expensive and well behind its implementation schedule, and
indicate that its success was limited. Furthermore, these authors point out that
"policymakers appeared to overlook many of their recommendations and persisted with
some of the NPfIT’s most criticized components and implementation methods" [2](p. 533).
To explain the limited uptake of their recommendations, they note that policymakers
generally failed to learn from the evaluations that had been commissioned.

For their part, Stroetmann et al. [4] identify good practices and lessons learned in European
countries, while noting that progress has not been simple: "... implementing them (eHealth

I NT EC H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.



64 eHealth and Remote Monitoring

strategies) has proven to be much more complex and time-consuming than initially
anticipated. In addition, the complexity of eHealth as a management challenge has also been
vastly underestimated" [4](p.1349).

In Canada, a similar broad assessment effort has also occurred recently [3]. A short
explanation of certain aspects of the Canadian health system, as they relate to the EHR,
could be useful at this point. Canada is a federation of provinces and territories, which are
primarily responsible for providing health services to the citizens living in their geographic
territory. The individual health organizations (private clinics, public hospitals) have a main
role in maintaining the patient's record, although each provincial Ministry of Health has
oversight over the public hospitals and, to a lesser extent, some influence on private
physician's practices. The provincial and federal Ministries of Health set policy and decide if
they want to support EHR projects. However, at the turn of the century (2001), the federal
government wanted to insure that patient record systems would be compatible so that a
citizen who moved from one province to another could still provide a record of treatment to
his or her new physician. This resulted in an organization (Infoway) and a large federal fund
to facilitate the development of interoperable systems. This initiative will be further
described in a particular section below.

If we return now to the recent analysis of this federal initiative (Infoway), Rozenblum et al.
[3] observe that "Canada continues to lag behind other Western countries in adopting
electronic health records" [3]. These authors report that, across the provinces and for 2009,
only 36% of physicians were using an EHR, and that this was much lower than for countries
such as Australia, the United Kingdom, New Zealand, and the Netherlands. The authors
carried out a set of telephone interviews of key informants from three provinces across
Canada (not including Quebec), and these informants indicated a number of reasons for the
poor rate of implementation: lack of an e-health policy (federally and in concert with the
provinces), inadequate involvement of clinicians, failure to establish a business case for
using electronic health records, a focus on national rather than regional interoperability, and
inflexibility in approach.

In this chapter we wish to take a different approach, by examining decisions that have been
made during the process of implementing a provincial EHR and the influence that codified
knowledge may have had on those decisions. Our general goal is to document, and if
possible, gain deeper understanding of the reasons for which scientific evidence in
particular may be considered or not in EHR projects. We will argue that in Quebec, but
probably not unique to it, key decisions regarding EHR implementation have not always
been based on available knowledge, and this could help to explain the limited success of
EHR projects here and perhaps elsewhere.

Currently, under the label of evidence-based medicine, there is substantial interest in, and
effort by, health researchers to examine empirical evidence in order to identify actions and
conditions that are most likely to result in positive outcomes for patients. This chapter
builds on this strategy. Where possible, we will point out certain research results, expertise,
and evaluation conclusions (which we will call the codified knowledge) that were available
to decision-makers at the time of their decisions. We will identify specific occasions during
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which the available knowledge influenced decision-makers (or was available and did not
have an influence), and we will explore the reasons for which this may or may not have
occurred.

2. Methodology

Our presentation and analysis centre on decisions, projects, and events, along with aspects
of the political, technological, and social context in Quebec, Canada. As we have indicated
earlier, because of provincial jurisdiction in the area of health in Canada, significant
decisions were made in this area by the provincial government, and for this reason, the
province is a useful unit of analysis. The Federal government also funded some projects, and
these too represented significant decisions. These are the main decisions that will be
considered here, although we also recognize that many other decisions took place and likely
affected the projects, such as the choice of partners, the creation and composition of steering
committees, the project objectives, the technology used, as well as implementation, training,
and recruitment strategies.

The analysis is based on a multiple case study approach [5] which examined the evolution of
representative EHR projects in the Province of Quebec from the first large scale pilot project
at the beginning of the 1990’s until just before the development of the current Quebec EHR
project in the late 2000s (le Dossier santé du Québec, or DSQ). Although this approach limits
the amount of detail that we can provide for any one project or event, we believe that this
longer historical view is also useful. Because of the scope of the current project (the DSQ)
and ongoing analysis of it (for example, annual reports by the Auditor General of Quebec),
we will not include it here, except for an early initiative that was part of it. Further analysis
may eventually find that many of our conclusions also apply to it.

For the analysis here and because of space limitations, a subset of projects or actions were
chosen for this chapter which are either representative of similar projects or which,
retrospectively, can be considered to have been a significant event (see Table 1). The choice
of projects and activities that are discussed here was reached by consensus among the
authors. The projects selected also allow us to present and discuss several factors which
influenced the uptake of codified knowledge by the EHR projects in Quebec.

By codified knowledge, we mean knowledge that has been written down in the form of
reports or articles. The particular type that we are mostly concerned with here is scientific
evidence that has been produced by evaluation studies of projects, or research into the
actual benefits of an EHR, or factors that affect the implementation of EHR projects. Other
pertinent codified knowledge may have been produced in fields other than scientific
research. In the case of the EHR, an important area of knowledge consists of an
understanding of legislation that controls the storage or transmission of a patient's clinical
information. Rather than to stretch the notion of scientific evidence in order to accommodate
this type of knowledge, we prefer the more general expression of codified knowledge.

For each case study, we analyzed public descriptions, evaluations, and reports concerning
the set of projects and events. This information was supplemented by semi-structured
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interviews with decision-makers, which allowed us to explore the context in which
decisions were made, how available knowledge was actually used (or not) to make
decisions, and factors which influenced its use. A total of 31 interviews were completed with
key decision-makers who were selected because of their involvement in EHR projects either
as policy-makers, evaluators, or project leaders. For the first case study, one of the authors
(JPF) co-directed the evaluation of it. In relation to the final case study, two of the authors
(MPG and JD) observed several meetings between December 2007 and March 2009 and
conducted informal interviews with members of a consulting team.

For each project or activity discussed, we will briefly note its objectives, the major decisions
that were made, whether certain forces may have influenced the decisions, the types of
difficulties the project or activity may have experienced, and the knowledge that was gained
from it. The following table identifies the projects and activities that will be presented.

Project/Activity Approximate Time Period
The Rimouski Smart Health Card Project 1993-1995
The Role of the Commision d’accés a I'information (CAI) 1993 -
Canada Health Infostructure Partnerships Program 2001-2003
Changes in the Provincial Laws 2001, 2005
Canada Health Infoway (inclusion of Quebec) 2004 -
The RSVP: a change management strategy 2007-2009

Table 1. Major Projects and Activities in Quebec, on the Road to an EHR

3. Presentation of the case studies

3.1. The Rimouski smart health card project

One of the earliest electronic health record projects in Quebec took place in a small city in
Quebec, Rimouski, from 1993 to 1995. This was one of the first large-scale experiments of
this type in the world, although it built on a similar concept that was active in France at the
time (for a later description of a similar concept, see [6]). The Quebec government decided to
encourage the project, provided financial assistance to it (4 million dollars Canadian), and
also sponsored an evaluation [7]. The RAMQ (the provincial organization which manages
health insurance, pays private physicians for their interventions, and issues health cards)
was the main project manager and associated several stakeholders such as professional
associations. Proponents of the project hoped that it would help to meet the objectives of the
dominant ideology of the time, which was a shift to ambulatory care (see, for example [8]),
and the creation of a better continuum of services by the set of professionals that a patient
could see. A report from an important consultation on the reform of health care in Quebec
(known as the Commission Rochon [9]) had also recommended that a trial be carried out with
the card. Two implicit sub-objectives of the experiment were to decrease drug interactions,
and to decrease the duplication of lab tests.



Codified Knowledge and Decisions in a Major eHealth Project:
Efforts to Introduce the Electronic Health Record in Quebec 67

A group of academic experts was set up in order to plan the implementation of the pilot
smart health card project. They consulted the literature (which was scarce at the time), along
with a research group that had implemented the technology in France [10]. The group in
Quebec included a variety of researchers from various fields (health services, political
science, evaluation, information technology), as well as medical experts. Significant
consideration was given to clinical processes and inter-professional collaboration. A local
physician was also involved in the project team as a strategy in order to increase the
acceptance by the medical community. The project team used knowledge gained from
European projects in particular, to inform the implementation of this pilot project. The
project was envisioned to be a way to produce new knowledge about the benefits of the
smart card for the health care system, but also to help develop strategies that would be
useful for a future large scale implementation.

A specific health card was used for this project, and had a smart chip on it that could record
information. The concept was essentially to create a portable personal medical record. For
example, patients’ allergies or reactions to medication could be noted on the card. Citizens
who wanted to participate had to apply and consent to the project (this consent could be
withdrawn later), and an office was created to facilitate this. Health professionals needed a
personal identification number (PIN) in order to access information on the card, as well as a
card reader and IBM microcomputer. It is useful to remember that, at the time, pharmacists
often had experience using a computer, but this was not the case for physicians or nurses.
When a patient went to visit a health professional, they could present the card and so the
information on the card could be shown to him or her, and if suitably equipped and
inclined, the professional could in turn add to it. As well, a computer application was
offered to pharmacists so that they could check for potential drug interactions. At the end of
the project, there were 7248 users (a portion of the city's population), along with 299
physicians, pharmacists, and nurses (almost all of the health professionals who had been
identified as potential users) [7].

Overall, 73% of the population who had a card used it. Among these patients, about half
used it with a pharmacist and a physician [7]. One of the decision aids that was most used
(often by pharmacists) was an application that checked for potential drug interactions. The
rate of use increased until July 1994, and then decreased, and this coincided with a decision
to not buy more smart cards for the project. As well, there were indications that the use of
two different computer systems was an irritant, that use of the card increased the time
needed for a consultation, and there were occasional problems updating information on the
card. In the summer of 1995, a sample of patients and health professionals were polled, and
they generally indicated that the card facilitated the communication of health information,
in a secure manner. In spite of the problem related to the need to update information, more
than half of the health professionals felt that it provided quicker access to information,
allowed them to provide better recommendations, and were satisfied with its quality. As
well, many indicated that certain characteristics of the project, in particular the slowness of
the system, did not facilitate its systematic use.

Some of the professionals felt that the smart health card provided benefits that out-weighed
the irritants and disadvantages, whereas for others, the advantages were not sufficient. Most



68 eHealth and Remote Monitoring

found it relatively easy to use, although the system was found to be too slow. In general, the
physicians and pharmacists indicated that the system contributed to a decrease in drug
interactions [7].

The evaluation report included a number of recommendations. For example, such a system
needed to be compatible with a computer system in a physician's office or a pharmacy, so as
to minimize work for the professional. As noted previously, the information provided by a
system should also be up-to-date, and consideration should be given to ways to encourage
patients to adopt the behavior that project planners hoped they would have, such as
presenting the card (this affected whether the information was indeed up-to-date). Local
support for the users was also indicated to be a critical factor, as well as the implication of a
local leader. As well, the confidentiality of the health information had to be insured.

In a later analysis of the project, Aubert and Bernard [11] add that the training requirements
of the health professionals was a significant aspect of the project. As well, they note that
physicians' offices were generally not equipped with computers. In addition, according to
these authors, reflection about changes in clinical practices that could maximize the use of
such technology seemed to be absent (although it was clear that the project hoped to
decrease drug interactions, and reduce the number of lab exams).

Although the evaluation included the identification of actions which could contribute to the
generalization of the project elsewhere, there was no such immediate follow-up. A later
project in the health region of Laval (north of Montreal), from 1999 to 2001, used another
smart card, although patient health information was stored in a database managed by the
RAMQ. The Quebec government considered the smart card to be a viable approach, and
continued to consider its potential use as late as 2002. In particular, the RAMQ announced in
2001 that within three years it would provide the card to 80% of the population [11].

3.2. The role of the Commision d'Accés a I'Information (CAI)

In Quebec, the CAI (Commission of Access to Information; our translation) was created in
1982, and had a significant influence on events and practices in relation to the EHR. In this
section we will describe this organization and some of its activities in relation to electronic
health records, and briefly comment on its influence in relation to the development of the
EHR in Quebec. From the outset, we should note that this organization was not associated
with a single electronic patient record project, but rather several of them. As well, the
information it produced was not scientific evidence in the sense that we are generally using
it here, but could be considered to have produced pertinent codified knowledge. As we
hope to show, the organization produced information of a particular kind, but nevertheless,
information that project proponents and the provincial government had to consider.

In 1982, a law was passed in Quebec, which had an objective of instituting better
management and protection of information concerning individuals, which was held by the
government. An organization was created at the same time to administer this law (the CAI)
and it was "responsible for overseeing compliance with the obligations imposed upon public
bodies concerning the collection, storage, use and communication of personal information"
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(http://www.cai.gouv.qc.ca/index-en.html). Health and social service institutions, which
created databases that contained health information, fell under the mandate of this
organization. Furthermore, the CAI was authorized to comment on draft bills in this area
and to assess pilot projects.

Because of this mandate, the CAI decided to analyze various EHR pilot projects that took
place in Quebec from 1990 to approximately 2005, as well as on proposed provincial
legislation. To be clear, it was a decision-maker in this way, since it opted to comment on the
EHR projects and hoped to steer them in a way that would allow them to be compliant with
various laws, but it did not have a direct role in the selection of projects which were carried
out. As an example of one activity, it wrote a report on the Smart Card and its trial in
Rimouski [11]. Although the CAI considered the approaches taken in this project to be
useful, problems with the implementation of the card were also noted, such as allowing
nurses and pharmacists to share a card, and the fact that it consisted of a partial patient
record.

A later, more general study carried out by the CAI in 2001 summarizes their examination of
several pilot projects and outlines their general concern: "The transfer of clinical information
and the right to privacy are not contradictory. However, their conciliation is complex and
fragile, especially when they are implemented" [12](our translation, p. 2). A particular
concern was also presented in this report, in that the authors indicate that the provincial
health insurance organization, the RAMQ, should not be the organization that handles a
centralized health record, and it discussed the reasons that motivated it to take this position.

This 2001 report also summarized the state of legislation in this area: "In relation to the laws
that relate to the protection of personal health information, these are numerous, haphazard,
sometimes contradictory, and often insufficient in relation to these new health technologies"
[12](p. 35). An analysis of the state of the current legislation (in 2001) was also carried out.
At the end of this analysis, several questions were raised about the legislative foundation for
certain practices concerning the communication of information, such as who would be
responsible for the information that is collected, and the regulations that would control this.
The obvious call for further legislation which was contained in this report eventually lead to
some proposed laws, and to subsequent analysis by the CAI of these proposed laws.

In general, one could conclude that the work of the CAI had an influence on the legislation
that framed the creation of the current provincial EHR project. For example, in 2004, a law
was proposed that would have modified the main law in Quebec that governs health and
social services, and the CAI provided an analysis of this [13]. One of the recommendations
in it was that staff in a health organization should not be able to provide patient information
to staff in other health organizations without the consent of the patient. As well, the authors
recommended that the provincial health insurance organization (RAMQ) should not create a
database that would document the medications used by citizens.

The fact that the CAI examined several projects and proposed laws over an extended period
of time indicates that senior managers in the CAI decided that this was an area that needed
to be examined and monitored. It was also clear that this organization was sufficiently
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independent from the elected government in order to critically examine the activities of the
government. Since many managers of pilot projects informed the CAI of their projects and
actively solicited its opinion about a project, this suggests that these project managers were
concerned that their projects could potentially contravene existing legislation. At the time,
managers felt that the rules were ambiguous about what a project needed to do in order to
conform to existing legislation, and many meeting hours were spent discussing what to do
about this problem.

3.3. Canada Health Infostructure Partnerships Program

At the turn of the millennium (2000-2002), the Canada Health Infostructure Partnerships
Program (CHIPP) was a two-year, $80 million, 50-50 shared-cost program with an objective
of supporting collaboration, innovation, and renewal in health care delivery through the use
of information and communication technologies. One of the specific areas that was funded
was the creation of EHRs. Project applicants were required to complete a literature review,
and to include an evaluation.

In Quebec, three EHR projects were funded through the CHIPP program. One of these,
called MOXXI, or the Medical Office of the XXI century, was a research project to examine
the potential benefits of an electronic prescription and drug management system for
primary care physicians [14]. Two of the project objectives were to streamline the
prescription process and to improve patient safety. Another aspect examined was the time
requirements and other ergonomic issues related to the use of the system. One of the
interesting questions implicit in this project was whether such a computerized system
would be a help or a hindrance for the physician. This sort of question had generally not
been asked before, and is still very rare in Canada. As one of the outcomes of the project, the
authors concluded [15]: "However, there are considerable barriers to developing the
interfaces necessary with community-based pharmacies to permit exchange of information
between physicians and pharmacists” [15].

A second CHIPP project called RIGIC was essentially a project to create a networked EHR
system which would be shared between two hospitals, for oncology patients. One of the
outcomes of the project was that shared protocols (between the hospitals) had to be
established in terms of access and confidentiality procedures. New policies and procedures
also had to be developed in relation to this, including the development of a consent
management system. As well, the participants became more aware of the importance of
change management, and the need for recurrent funding in order to transition the research
project into an ongoing operation.

A third project, the SI-RIL project, consisted of the development of an integrated network
system in a health region (the health region of Laval, north of Montreal), for ambulatory
patients. This system was designed to enable the sharing of physician orders and patient
health information among health workers in the region, with a view to regional co-
ordination of care. The participants were: the local hospital, four community health centres
(CLSCs), and more than one hundred general physicians.
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During the course of the project, a number of factors were observed which influenced its
development [16]. For example, the Minister of Health changed repeatedly during this
period, and it was stated that these changes increased the level of uncertainty. As well,
health professionals were not necessarily available to participate in the project, so consulting
them was not an easy matter.

One of the outcomes was a set of standardized clinical forms which were agreed to by
health professionals, such as a form to assess patient autonomy. Another was that project
proponents realized that it was difficult to comply completely with certain outdated laws,
and they communicated this problem to provincial authorities. Still another outcome was
that participants noted that significant resources were required in order to manage the
change process. Observations were gathered about impacts on the work processes, and a
recommendation was made to the effect that these had to be considered. Quite a few
documents were produced by the project, which can be taken to be an indicator of a high
amount of consultation, discussion, and analysis which took place during the project.

It would appear that the SI-RIL project was one of the most advanced primary care EHR
projects in Canada at the time. All other networked EHR projects in Quebec involved a
small group of hospitals (there were a couple of networked hospital projects at the time). An
evaluation of part of the SI-RIL project was also carried out by a research group [17]. For
example, the authors highlighted the fact that these were very complex projects, and that
any one of three types of problems (technological, organizational, clinical) could lead to the
end of the project [17]. In addition, also noted in the report, was the desire of project
participants to find a way to avoid illegal transmission or storage of patient information.

In the case of the RIGIC and SI-RIL projects, the regional health authority was closely
integrated in the project planning and execution. We mention this since the regional health
authority has regular communication with the provincial Ministry of Health. This highlights
the fact that the provincial government was fully informed of the difficulties met by the
proponents of the three projects, along with the outcomes, at least by 2002, when the project
funding ended.

Another significant dimension of these projects was that all of them were based on
networked health information systems. Patient information was being made available to
professionals in different organizations, without patient intervention. This fact contrasts
with a concomitant provincial plan to develop an electronic patient card.

3.4. Changes in the provincial laws

In December 2001, the provincial government proposed a law that would have created a
provincial smart card and replaced the existing health card. It should be pointed out that the
Laval region had also been involved in a second electronic health card project, which began
in 1999, and this project was again sponsored by the RAMQ [12]. For those who proposed
the law, this project provided an example of the type of technology that would be used. One
of the technological differences with the Rimouski project was that a patient's clinical
information was centralized in a databank managed by the RAMQ.
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The purpose of the proposed law was to allow the development of a provincial electronic
patient record, enabled by the patient's use of a smart card, although the patient record
would have only been a summary. A law was also necessary in order to allow easier
communication of health information between health organizations, which were subject to
restrictions because of laws that were active at the time. With the proposed law, the RAMQ
would have become the government's manager of the smart card, and the card would have
included both administrative information (the name, address, and date of birth of the
patient), and health information. In contrast with the Rimouski project, this information was
to be centralized in a database. As part of the legislation development process, the
government included a public consultation on the law.

More than 50 groups and individuals responded with written comments about the proposed
law [18]. There was a public debate about the law in the media, which gave rise to what one
commentator considered to be a sterile debate often based on misconceptions [18].
Professional organizations, such as the provincial Nurses Association, Association of
Pharmacists, and an association of physicians, also joined this debate. One of the specific
criticisms of the physicians was that a centralized database should not be created, and that a
government organization should not manage health summaries (a comment directed at the
RAMQ) [19]. The CAI also questioned the inclusion of administrative and clinical
information together in one database, and the management of this database by the RAMQ.
They also reminded the government of the ongoing need (implicitly beyond this law), to
widen the legislation that would frame the management and access to health information. It
highlighted the recent creation of family medicine groups, and suggested that such groups
could be the focus of efforts to computerize health information, since most health services
were provided by primary care services. Finally, it issued a clear warning about the project:

... the law that the government has tabled entails solutions that could jeopardize the
confidentiality of health information. The text has a number of grey zones which do not
allow us to know with precision the orientations that will be followed. [20] (p. 28, our
translation)

In one of our interviews, a government official had this to say about the public debate at the
time:

We could say that the proposed law was a major error, the law that was tabled became
the object of several controversies; several philosophers, the citizens thought that we
wanted to create a 'big brother’, that it was a way for the RAMQ to gain power over the
health system; the physicians did not want to be controlled and were concerned about
the way it was developing. (government official)

The result of the controversy and the questions that were raised was that the government
withdrew the proposed legislation. In theory, it could have revised the proposed law, but
perhaps because of the extent and range of the opposition, it decided to abandon it
completely.

Two and a half years later, and under a new government, another law was proposed in
December 2004 (proposed law number 83). Although the CAI and other organizations again
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tabled reports about the proposed law, there was relatively little public opposition to it, and
it was adopted almost a year later. It was clear, however, that it had taken many years for
the government to respond to the request from the CAI to enact such a law. With this law,
clinical information would now be managed by regional health organizations (there are 18
health regions in Quebec), and this regional organization, even though it was part of the
government, was separate from the RAMQ.

3.5. Canada Health Infoway

In 2001, Canada Health Infoway (Infoway), was created in order to accelerate the adoption
of compatible electronic health records across the country. This organization was funded by
the federal government, but accountable also to the provincial and territories' health
ministers, all of whom were represented on a Board of Directors. Projects in the provinces
were generally funded equally by Infoway and provincial governments. Over ten years, $1.6
billion Canadian was allocated to this project [3].

One of the main priorities of Infoway was to incite provinces to adopt technologies which
would allow patient records in one province to be available to health providers in other
provinces. Another rationale was that it would be possible to save money and time by
having common technologies deployed across provinces.

In a report provided in 2005, consultants to Infoway proposed a three-phase approach to
health technologies. The first phase would consolidate patient data for viewing by health
professionals, the second phase would allow the documentation of care and provide basic
decision support, and the third phase would allow physician orders and decision support.
The estimated cost at that time of reaching the 3rd phase was $10 billion.

In was not until 2004 that the Quebec government decided to join Infoway. Informants
indicated that Quebec did not participate in Infoway from 2001 to 2004, and at the end of
this period, the situation was such that it was the only province which had not yet joined the
project. One senior official indicated that the discussions during this period were "very, very
political." The decision to join Infoway was made in 2004, and was taken by a newly elected
Liberal provincial government (the previous ruling party was the Parti Québécois, a
sovereignist party). This decision implied that Quebec would need to harmonize its EHR
plans with those of Infoway and have its projects and deliverables approved by Infoway in
order to receive the funding contribution by the federal government. In particular, local
companies which had been supplying technology to Quebec health institutions, would have
to be compliant with the standards defined by Infoway (for an analysis of the development
of standards in Canada, see [21]).

One of the influences that seemed to affect the Quebec government's decision to join
Infoway, seemed to be the possibility of obtaining financial advantages. As previously
noted, the federal government provided a significant grant to Quebec (and other provinces)
as a financial incentive. A form of group purchase of certain technologies also became
possible. As a government official commented: "In the end, Quebec chose the same solution
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(PACS technology) which saved us about 16 million, because they (the technology
company) gave us a discount".

3.6. The RSVP: An evidence-based change management strategy

In the subsequent years, work continued with the planning and development of a province-
wide EHR, and culminated in the launch of another pilot project in Quebec City, in May
2008. In this pilot project, a patient record system was used that was to be expanded across
the province, the DSQ or Dossier santé du Québec. The DSQ had been developed within the
Infoway framework, thus the federal government funded about half of it.

From 2007 to 2009, the DSQ project proponents carried out an implementation strategy,
which was called the Network for Peer Support, or RSVP (Réseau de soutien et de validation
par les pairs). The RSVP strategy aimed to facilitate the appropriation of the DSQ throughout
the province through the mobilization of an interdisciplinary group of healthcare
professionals (general practitioners (GPs), specialists, nurses and pharmacists). These
groups were represented by clinical champions for each of the 18 health regions of the
province. Although the pilot project was only taking place in Quebec City, the belief behind
the RSVP activity was that the project would soon be extended to the rest of the province,
and so it was necessary to include professionals from all the regions. The selection of these
champions was made by the various regional health agencies according to a set of criteria,
including their credibility, recognition within their peer group, and their interest in
informatics. The stated roles of the RSVP members [22] were to:

1. Participate in the elaboration and the realization of the change management strategy at
the provincial level, by validating and adapting the promotion tools developed by the
DSQ team to the needs and expectations of the professional groups that they
represented;

2. Promote the appropriation of the DSQ within their provincial professional association;

3. Identify the challenges and obstacles to DSQ implementation in their region and help to
identify solutions;

4. Exchange information with other RSVP participants regarding the DSQ in their region,
provide tips for facilitating appropriation by their peers.

5. Ensure constant communication with their peers regarding the DSQ and answer their
questions;

6. Work in collaboration with other RSVP members, the regional DSQ group, and other
local groups in order to find solutions to challenges and difficulties identified by the
DSQ change management team or their peers;

7.  Make recommendations and participate in decisions which concern all aspects of the
appropriation of the DSQ in their region.

In the DSQ change management documentation [23], it was clear that this strategy was
directly informed by evidence in the literature related to the importance of change
management and consideration of the critical role that clinical leaders play in the
implementation of large scale EHR projects. As well, the managers of the RSVP had
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requested and received presentations by Quebec experts on change management. The DSQ
team had contracted a consulting group, and this group proposed the RSVP strategy. For
example, RSVP members were offered training and support in order to prepare a promotion
plan for the DSQ in their region. RSVP members were also invited to answer a
questionnaire, which measured various aspects pertinent to change management.

Over the course of the RSVP strategy, the need for an interdisciplinary team was expressed
but once this team was created, new challenges arose. The rationale for an interdisciplinary
team was never directly expressed in the written internal documents, but interviews with
the change management team indicated that this decision was based mainly on the
perception that resistance from nurses and pharmacists could become an important obstacle,
if the promotion of the DSQ was left solely to physicians.

However, important limits to the interdisciplinary team started to appear after a first large
group meeting. The physicians who had already had extensive discussions about the
project, had a more extensive understanding of the project, compared to the nurses and
pharmacists who were new to the group. The large number of participants at the
interdisciplinary meetings (more than 50 RSVP members plus the DSQ management group
and invited speakers) made it much more formal than the earlier meetings which had only
included physicians. RSVP members from the three professional groups agreed that it was
extremely difficult to have constructive exchanges within such a large group. They also
believed that issues specific to each profession (remuneration for physicians, access to
diagnostic data for pharmacists, or responsibility for data entry for nurses) could not be
easily addressed in an interdisciplinary group. A solution that was put in place was to
alternate meetings specific for nurses, pharmacists, and physicians, and the interdisciplinary
meeting. This strategy was costly given the fact that the DSQ team had to reimburse
participants’ travel and time. A teleconference was then used, given these constraints, but
many RSVP members found that the exchange did not progress as well as with the in-
person meetings.

This project was one of the first to formally include a team of experts in change
management, and to develop an explicit change strategy. Still, the impact expected from the
RSVP did not occur. This was mainly due to factors unrelated to the implementation
strategy, such as the delays in the DSQ technology. In fact, the pilot project had revealed
several problems, notably the slowness of the system. Therefore, the plan of deploying other
pilot projects in other regions had to be altered during the course of the RSVP. Participants
were kept informed about the global DSQ strategy but, according to our interviews, it
became very difficult for them to know exactly what was going on at the provincial level,
and to play their role of DSQ representative within their region. According to one physician,
it was “impossible to know who was holding the steering wheel and to know where we
were going”.

The RSVP was an exemplar of a provincial government strategy informed by best practices
in change management and the implementation of innovations. However, it took place in an
environment that was extremely complex and was based on a technology that was not



76 eHealth and Remote Monitoring

mature. The change from a group composed mainly of physicians to an interdisciplinary
group led to a profound change in the social dynamics, which also hampered the realization
of the RSVP’s mission.

4. Discussion of the case studies

An analysis of the projects and events described above will now be carried out with a view
to highlighting the possible influence of codified knowledge in relation to decisions that
determined the projects and events described above. The main decisions that we have
highlighted are the ones in which a government or government organization (example,
Health Canada) decided to fund a particular project, or to propose or withdraw a proposed
law. In the case of the CAI, several decisions were made to examine and to comment on the
patient information practices of various projects.

However, when presenting several of the various case studies, it also became apparent that
a host of actors were also making various other decisions that affected the projects. Various
actors, both individuals and organizations, had to decide whether to become active partners,
what steps would be taken to insure the confidentiality of patient information, what
technologies would be used and which companies would be hired, whether they would
resist or support a project, how potential participants would be addressed so as to
encourage their participation, and so on. Many decisions were made in relation to which
codified knowledge could have played a role or not. At this point we can only indicate that
we are cognizant of all these other decisions that were taking place, and which collectively
also determined the outcome of any given project.

Decisions concerning which projects to fund were most likely being made by senior
government officials or, perhaps in some cases, elected representatives who were in cabinet
(the cabinet is formed by the government ministers). Elected government officials would
certainly have been involved in the decision to propose or withdraw a given law. At the
project definition phase, however, key decisions would have been made by other decision-
makers. For example, the Rimouski project required a coalition of local physicians, local
health officials, private companies, along with support from the RAMQ and certain officials
within the Ministry of Health. The contributions to the project description (and the decision
of these actors to participate in it) would have been influenced by the knowledge, beliefs,
and interests of these participants. On the other hand, the decision to fund the project was
likely taken by the Council of Ministers. In this regard, we should note that we did not have
direct access to either of these groups at the time when decisions were being made (with the
exception of the RSVP project). This could be an area for further historical research (i.e.,
what information did senior officials provide to the Minister of Health for the projects and
activities discussed here). Still, a certain number of general observations can be made about
the possible influence of codified knowledge on certain decisions that were taken.

In general, a series of real-life, in-situ pilot projects were an integral part of the 16-year
period we are analyzing here (1993-2009). These projects allowed the provincial government
to develop extensive experience with the challenges and issues associated with EHR
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projects. The projects were not part of a coordinated plan, but were rather local initiatives
which were financed by the provincial (in the case of the Rimouski project), or primarily
federal government (CHIPP projects), or both (DSQ project). Although the primary goal of
these projects was not to develop "original knowledge", the goal was certainly to create
large-scale, real-life tests of technology in an actual clinical context. The hope was that if the
project was a success, that it would continue and the technology would become integrated
into daily use. If it was not a success, it was implicit that participants would learn from the
experience. Some thought had been given to how to maximize learning or knowledge
development, since an evaluation was a part of most if not all of the projects.

One general observation that can be drawn from the various experiments is that project
promoters seemed to believe that the technological systems that had been developed were
ready for real-world experimentation. Smaller scale tests to simulate the real-world
demands on the systems seemed to be either absent, or inadequate. This could have been
learned with the Rimouski project. In some of the projects, the project proponents appeared
to think that the technology would "sell itself’, and be relatively easy to implement,
although the importance of attending to the users' reactions to technology and to change
management did not seem to have been assimilated until the time of the RSVP project. This
can be inferred especially from the CHIPP project reports about the "lessons learned".
Project promoters seemed to be surprised that medical personnel would require computer
systems that responded quickly to requests for information, that users would need extensive
training and technical support, and that there could be mixed reactions to the technology on
the part of patients, citizens, and personnel.

These sorts of warnings were not new, even in the 1990s, and we would argue that these
issues were common knowledge at the time in fields as diverse as management of
information systems (for example [24]), computer supported cooperative work [25], and the
design and implementation of IT [26]. Our interviews indicated that not all project
promoters consulted with experts from these fields, and this was an obvious shortcoming.
For their part, we found little evidence of senior government officials or decision-makers
having consulted with those who had implemented IT systems in hospitals. Although the
systems in place in hospitals at the time may have been simpler than the ones developed for
the projects described here, lessons from the implementation of hospital systems could
probably also have been applied in these projects.

In the case of the Rimouski project, little scientific evidence about the benefits of EHR or
electronic health card projects existed in the early 1990s. So, other than knowledge that was
available in other fields or from experiments such as the one in France, it was clear that
project planners had relatively little scientific evidence from health researchers that could
have been used to orient the implementation strategy. Indeed, $4 million dollars was spent
on an innovation that did not have a track record in the health field. Very little information
was available concerning the clinical impact of the innovation. It is useful to remember that,
at this time, the few scientific articles on the subject generally reported on individual
hospital systems [27, 28], or announced the advent of medical computerization and its
benefits [29, 30]. For example, the latter write in the summary of their article: "The electronic
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medical record in the ambulatory setting will be a force to be reckoned with during the
1990s. The increased quality of the medical record will lead to an increased quality of patient
care at a fairly level cost (no long-term increase)." Still, the state of the literature at the time
did not provide solid support for the hope, on the part of project proponents and
government decision-makers, that an EHR system could be readily introduced into a whole
city, or would lead to clinical improvements. One of the purposes of the project was
precisely to create better knowledge about the feasibility and the requirements for such a
system. Even today, although several countries have managed to attain a high level of use of
an EHR by clinicians, there is still debate about its clinical impact [31].

Although the evaluation report about the Rimouski project included analysis of use by
health personnel, and analysis of perceptions about the usefulness of the information that
was made available through the system, it did not analyze clinical changes that could have
been used to assess this project or to inform later ones. On the other hand, and in contrast
with later projects, a significant number of dissertations were produced in relation to the
project. The authors of the evaluation report also identified factors that would likely affect
any further projects to introduce the smart card on a wider scale.

Another surprising event was that the concept and technology that was active in the Laval
electronic health card project became the basis for the law that was proposed in late 2001.
According to one account, even more that a year after the project began (in May, 2001), only
290 patients out of the 1678 who had received a card, actually used it [12]. In spite of results
which were not favourable, and in spite of clear concerns on the part of the CAI with respect
to the Laval project [12], the provincial cabinet decided to propose legislation which used
this project as a model for a province-wide system. The low rate of adoption by patients
could be considered to be empirical evidence that should have lead officials and cabinet to
question the concept on which the proposed legislation was based. A similar viewpoint was
expressed publicly in a newspaper article that appeared in the newspaper Le Devoir, May
7th 2001, well before the legislation was tabled: "The trial of the electronic health card [in
Laval], which Quebec wants to extend to the whole province, was not a clear success."

As well, the simultaneous experimentation with a different network technology in the
RIGIC project and two other simultaneous projects to create a patient record shared between
hospitals, which we have not discussed here, obviously did not alter the government's plans
at the time. One of these was called Arc-en-ciel, and was a project financed by the Quebec
Ministry of Health, in order to create an EHR shared by three hospitals. Thus the Ministry of
Health must have been aware that certain projects were experimenting with another type of
EHR technology, and that knowledge about this type of technology was in the process of
being developed. For whatever reason, perhaps because of concerns about the cost of this
technology, it decided that it was not worthwhile to wait for the results of these projects.

In 2001, the Quebec government decided to not participate in Infoway, then later, after the
change in government in 2004, to participate. The rationale provided by informants for the
two decisions suggested that these were not influenced by scientific evidence. The first
decision, to not participate, seemed to stem from a desire to not accept the terms and
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requirements stated by the federal government. The second one, to participate, appeared to
be motivated primarily by financial considerations: the opportunity to acquire additional
funding for an EHR in Quebec, and to a lesser extent, to obtain better deals from vendors
through group purchases. The question of whether or not an EHR could contribute to
positive clinical results did not appear to be discussed in either case. The participation of
Quebec in Infoway provided opportunities to obtain information about the strategies and
progress made elsewhere, required that Quebec document and demonstrate the
achievement of intermediate objectives for external observers, and some knowledge transfer
may have been an unintended consequence of participation in it.

With the RSVP project, senior government officials demonstrated an understanding of the
importance of developing and executing strategies that would facilitate the implementation
of an EHR. They had clearly come into contact with and had expended effort to better
understand scientific literature on change management and the management of the
implementation of technology. The spheres of considered knowledge had expanded to
include new strategies for communicating with, consultation of, and preparation of primary
actors. The problem that arose was that the communication activities that were undertaken
appeared to be premature.

The actors who participated directly in a given project undoubtedly gained practical
experience, but it is difficult at this point to evaluate the extent to which expertise developed
by individuals in one project may have been exploited in subsequent projects. Still, our
impression is that the level of re-employment of personnel was low since new project
groups were formed for each of the EHR projects. This is also consistent with the findings of
a study that examined information sharing between health informatics projects in Quebec
and noted that there was little knowledge exchange between the projects [32].

Other mechanisms for learning or transfer of knowledge and expertise could have been
formal and informal meetings. Again, we are not able to determine the extent to which
people who were involved in one project may have had contact with those who were
planning subsequent projects. It is worthwhile noting though, that a series of annual
conferences were held in Quebec on the theme of computer systems and healthcare, and
several presentations were made about the projects discussed here. This conference was a
forum for the exchange of information. The Quebec Society of Biomedical and Health
Informatics (SoQIBS) was created in 2001 and is still organizing annual meetings on topics
related to health information technologies (see http://soqibs.org/). This initiative is
supported by researchers, clinicians, commercial enterprise, and government.

5. Strengths and limitations

This multiple case study is one of the first studies to examine the development and
implementation of an EHR in a jurisdiction over an extended period of time. Although it
does not constitute a full historical analysis, which is still needed, it adds to the knowledge
base concerning factors that have contributed to the limited success of large-scale EHR
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implementations [2-4]. We used information from multiple sources, including scientific and
technical literature, evaluation reports, policy documents, analysis of proposed laws,
newspaper articles, and semi-structured interviews with stakeholders involved in the
projects.

We are also keenly aware that we have not been able to fully document the myriad decisions
and influences that culminated in a decision to fund any particular project. Someone who
wishes to do this would be advised to concentrate initially on a single project. Also,
although we have suggested that codified knowledge seemed to have relatively little
influence in most projects, one means of partially verifying this would be to obtain initial
project descriptions and to check to see what scientific evidence may have been cited in
order to justify project objectives and orientations (we did not have such documents). What
we suspect is that other forms of "evidence" may have sometimes been used (for example,
what people were told by project promoters during short visits to sites which may have had
less than a fully implemented EHR, or impressions of how an EHR may change care
processes).

The selection of the cases under study was made by consensus among the authors, based on
criteria such as the relative novelty of the project or activity and its importance in relation to
later developments. However, the study of other EHR cases could potentially bring new
insights [2]. Our analysis may also have been limited by the fact that some projects took
place up to twenty years ago. We relied on documents that were published, as well as on the
recall of individuals who participated in the projects. Thus, our analysis could be limited by
the available documents and/or recall bias from interviewees. The presentation of several
case studies has necessarily limited the amount of detail that could be provided for any one
of these. However, the consideration of an extended period of time, triangulation of
information, and the validation of our interpretation of each case with several respondents
who represented different perspectives (policy-makers, researchers, and project leaders)
likely helped us to gain a richer understanding.

6. Conclusion

This chapter examined decisions that have been made during the process of implementing
particular EHR projects in the Province of Quebec, Canada. As we have indicated, a
significant number of projects took place over the sixteen years that we have considered
here, and these involved a variety of locations, objectives, and technologies.

Perhaps the most surprising characteristic of this period is the limited impact of codified
knowledge on projects and activities, and this seems to be a problem that has been
experienced in other countries as well [2]. Technological shortcomings and the need to
insure that the user has a positive experience, both noted in the evaluation of the Rimouski
project, cropped up again in later projects. Observations were repeated from one project to
another about the need to invest in change management. Warnings from the CAI about the
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need to update legislation and to consider the complexity and depth of concerns about
approaches to safeguarding health information did not seem to be fully considered.
Pertinent knowledge developed outside of the health field was not transferred into it. Large
scale pilot projects helped to develop codified knowledge but this was not fully exploited
over time. However, a note of caution is required here, as these conclusions are tentative,
and further investigation and analysis is required.

In the last two decades, there has been a strong emphasis within the health field concerning,
on the one hand, the importance of basing decisions and medical practice on scientific
evidence, and on the other, the importance of effective knowledge transfer. Unfortunately,
in Quebec and elsewhere, it has also taken two decades for these two philosophies and
practices to gradually permeate into the multiple and interconnected dynamics that may
eventually produce a provincial and a Canadian EHR.
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1. Introduction

Telemonitoring (health monitoring, Home Health Care) is a branch of telemedicine that
aims to restore independent living in their homes, to people suffering from various diseases
and disabilities that would force them to a hospitalization or placement in specialized
institutions (patients suffering from certain chronic diseases, disabilities, but also the frail
elderly) [1].

This emerging area has led to much research during the past two decades and led to some
development of systems that allow the maintenance to their homes of these people. To
prevent the risks associated with lack of medical support "presential”, technological systems
must be implemented to provide graduated responses, adapted to individual cases, but it
must in addition ensure respect of privacy of the person and not disrupt their lifestyle.

These systems must be open, able to integrate various technologies, at the same time flexible
enough to adapt to the case of each patient, and to reflect changes in health state of a person.

Telemonitoring is based on the transmission and interpretation of medical indicators
(clinical, radiological or biological) collected by the patient himself or by a health
professional (doctor, nurse, etc) [2]. They can be interpreted by a health professional, or
through programs and specialized software. The interpretation may lead to the decision to
intervene with the patient or just provide advices.

Among the benefits of telemonitoring: The friendliness of the technology. A better
understanding of the health status and better control of symptoms that give a sense of
security. Economic system by minimizing hospitalizations and unnecessary displacement.

Telemonitoring is characterized by the use of vital data sensors necessary for diagnosis as
blood pressure, weight, temperature, blood oxygen saturation, etc. These sensors are, in
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most cases, wireless (Bluetooth, Wi-Fi, etc) for more freedom of movement and portability
[3]. Other sensors can be used as behavioral sensors (for example if the patient's spirit to
climb stairs that affects blood pressure), or environmental sensors such as ambient
temperature.

The smart house system can easily take advantage of existing technologies in home
automation to facilitate the completion of certain tasks by the person, for example, unlock a
door in an emergency, turn on or turn off lights, adjust the heating. Moreover, robots can
help the person to perform certain daily tasks. Thus, a manipulator arm can be mounted on
a wheelchair or on a mobile robot, to press a button, a lever handle door or catching. Also,
depending on conditions, the system should take into account the therapeutic machines:
syringe pump, infusion, dialysis machine or pill. It should be noted that these machines load
their own sensors and can also participate in the task of data acquisition.

In earlier generations, the data collected were sent to physicians via the Internet to be
interpreted, and thus detect anomalies and emergencies. With technological advancement,
applications were developed to interpret and detect abnormal situations. These applications
are implemented in the patient on a single computer, on touch pad or smart phone. If an
anomaly is detected, these applications react accordingly, either by providing advice to the
patient, or by calling an ambulance (depending on the level of the anomaly). The doctor in
charge can track the state of his patients and receives alerts and anomalies detected.

In Part 2, we present generalities on ontologies and their advantages. Then in Section 3, we
present some related work present in the literature, their advantages and inconveniences.
Part 4 includes the proposal of a generic and adequate solution to the problem. Finally, we
finish with a conclusion.

2. Ontologies
2.1. Definition

The first accepted definition for an ontology is that of [4], "explicit specification of a
conceptualization”.

This definition has also been recently clarified by [5] to be: "Ontology is an explicit formal
specification and a shared conceptualization”.

In this definition, it is necessary to correctly interpret each used term. Formal: the machine
can understand. Explicit: the concepts, relationships, individuals and axioms are explicitly
defined. Shared: knowledge representations are shared by a community. Conceptualization:
abstract model of a part of the world that we want to represent.

2.2. Dimensions of classification

Ontologies can be classified along several dimensions. Among these, we focus on the
typology based on the object of conceptualization.
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Ontologies can be classified according to their conceptualization object as follows: Top level
ontology, Domain ontology, Task ontology, Application ontology. As shown in Figure 1.
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Figure 1. Classification of ontologies according to the object of conceptualization

Top level ontology [6], this type of ontology describes very general concepts or common
sense knowledge such as space, time, event, action, etc. These concepts are independent of a
problem or a particular area.

Domain ontology [7], this ontology governs a set of vocabularies and concepts describing an
application domain or the target world. It characterizes the knowledge of the area where the
task is performed. Most existing ontologies are domain ontologies.

Task ontology [7], this type of ontology is used to conceptualize specific tasks in systems. It
governs a set of vocabularies and concepts describing a structure of performing the tasks
domain-independent.

Application ontology [8], this ontology is the most specific. The concepts in the application
ontology are very domain specific and particular application. In other words, the concepts
often correspond to roles played by domain entities while performing a certain activity.

2.3. Contribution of ontologies

Ontologies provide a common semantics. This means that all individuals and concepts
involved can be explicitly defined in terms of their relationships and attributes. Therefore,
ontologies are interpreted by a machine and shared between several people. This facilitates
and improves the quality of diagnosis and the process of decision support. Also, several
people can work together without any ambiguity or loss of information.
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Ontologies provide a model of high level abstraction of daily workflow. This model can be
adapted to each organization. In other words, any organization can have an ontology
adapted to its particular situation.

Ontologies are generic and reusable. If it is necessary to build a big ontology, it would be
possible to integrate several existing ontologies describing portions of a field. Top-level
ontology can also be reused and extended to describe a specific area of interest.

Ontologies are very easy to maintain and with very minimal cost.

3. Related work

There are a lot of works related to our study in the literature. We chose to present the most
important dividing them into two groups according to their use of ontologies.

3.1. Systems that do not use ontologies

[9] worked on a study of home telemonitoring for the elderly (applied to Alzheimer's
disease). Their system allows the detection of nycthemeral rhythms drifts from location
data (they use location sensors to see where the patient has spent his time during the
day). Recordings are made every second. Then one day measures are grouped by period
of one hour or 15 minutes, to be compared by Hamming measure. Through
this comparison, they can know when the patient slept and how many hours of sleep he
had.

Other studies in the same context as [10-12] were made using sensors location of the patient.
These studies are based on classification methods to analyze the patient's daily activities.

[13] propose a telemonitoring system with architecture of three levels: the sensor network,
the patient server that collects and transmits the information, and the hospital server that
processes information and makes them available to physicians. This system uses data
mining to detect anomalies.

[14] worked on the project TISSAD which develops medical remote monitoring systems at
home. These systems are designed for elderly and / or chronic conditions, to prevent
accidents or aggravation of their health conditions. The system is based on the recovery of
vital or behavioral data and saves them in a database. Then due to an intelligent module, it
makes computer-aided diagnosis. The project TISSAD was centered on the user by
consolidating data into four classes: identification, historical requirements, medical history
and medical data.

[15] proposed a strategy to implement an alarm component in remote monitoring system of
elderly people. The system consists of units in the homes of people monitored for collecting
from sensors (medical and environmental) and sending data, and a call center with a server
for recording and tracking data. Alerts are modeled in XML.
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3.2. Limits of systems that do not use ontologies

Systems seen previously are based on old technologies. These technologies are
characterized by the absence of semantics, which implies that the machine is not able to
interpret the results. The lack of ontologies reduces their performance and making them
difficult to share and evolve. In addition, they use data formats specific to them, making
the information and data not generic and communication with other systems very
complicated. The decision support is either lacking or based on data mining, or by using
very complex processes.

For systems that do not provide decision support as those presented by [9, 12], despite that
its systems are simple and not expensive, the machine cannot interpret data collected after
their classification, specialists must monitor the activities of patients.

Using only data mining, the system will generate false alarms or will not detect anomalies
due to the probabilistic characteristic of data mining. Errors will therefore introduce the
facts base and will generate even more mistakes. This implies a degradation of system
performance over time.

Without the use of ontologies, the inference process becomes very complex and difficult to
change because the handled information is poorly structured so difficult to exploit. Also due
to the characteristic "linked data" of ontologies, inference becomes easy and automatic as the
use of transitivity, reflexivity, etc.

3.3. Systems using ontologies

[16] propose a system of decision support for remote monitoring of patients with heart
failure. The system is based on an ontology which includes patient data: posture, pulse
sensor, physical activities and alerts. The decision aid is based on inference using rules
managed by an inference algorithm.

This system does not take into account physiological measures that are connected to the
heart failure like blood pressure and weight data, nor the patient's environment such as
temperature and humidity. Moreover, the context of the patient is very small for such
physical activity as it contains statements: run, walk or anything, and also the posture he has
only two states: lying or standing. Finally, the proposed inference algorithm is not optimal
because a rule can have multiple conditions, for each condition the algorithm cover all the
facts base, when he could have in some cases use the results of other conditions.

[17] propose a system based on multiple ontologies: the personal data of the patient, the
context of the house (environment), social context (people connected to the patient) and
alarms. The system uses the rule-based inference of first order, these rules are very
dependent on the parameters (example: if temperature> 40 then alert) making them non
generic and non-scalable. The rules do not take into account changes in health state of the
patient. Moreover, the rules can change from one patient to another but it is done manually
by experts implying important feedback.
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[18] detail the design and implementation of a platform for reasoning to anticipate and react
intelligently in situations demanding long-distance care or at home. The system manages
intelligent agents, whose behavior is defined and validated by ontologies and rules. A
development methodology has been adapted to support the process of knowledge
acquisition. Log files are stored in XML to make data mining algorithms.

[19-21] proposed an ontological architecture for modeling a system Smart Home e-health.
The goal is to provide an adaptive system for extending the home support of an aging
person with diminished cognitive autonomy. The architecture is based on seven ontologies:
housing, equipment, person, behavior, task, software application and the decision. These
ontologies are interconnected.

3.4. Limits of presented systems using ontologies

These systems only partially integrate ontologies and do not contain domain ontologies that
provide a controlled vocabulary standard to better share information and make it more
generic.

In most cases, information about the patient are not fully exploited, each system is based on
part of data (physiological, environmental, behavioral), although these data are strongly
related and should be exploited in the same process to ensure decision support more
accurate.

Moreover, the inference engines are based on rules defined by experts, but these rules are
not scalable and do not take into account changes in health status of the patient. In the case
where experts fail to mention a few cases and few rules, the system is unable to detect
anomalies.

[22] Propose the most complete architecture in those studied. It consists of several ontologies
for symptoms, diseases, medications, measures and patients. An inference engine on these
ontologies. In addition, a status history of the patient and a history of actions taken are
stored in another database. Methods of data mining are used on both historical to produce
new rules that will supply a second inference engine. This inference engine has as facts base
both historical.

This system is very complicated because it must handle ontologies and relational databases
at the same time. This implies synchronization between the two bases, with a risk of loss of
information and semantics. The use of two inference engines simultaneously reduces system
performance in terms of response time.

4. Proposition

From systems seen previously, we will try to propose a general and generic architecture
based on ontologies for telemonitoring of elderly person or person suffering from a chronic
disease such as heart failure, kidney disease or Alzheimer's pathology.
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This architecture is based on ontologies and decision support. The aim is to detect anomalies
or dangerous situations by collecting physiological data (heart rhythms, temperature,
weight, etc.) or behavioral (daily activities, posture, etc) about the patient as well as
information from its environment (light, temperature, humidity, magnetic field, etc).

This architecture is shown in figure 2 and consists of several parts with two principal actors who
are medical experts and system experts. The architecture contains two types of ontologies:

¢ The ontology that manages the system (users, sensors, measurements, alarms, etc). We
call this ontology "application ontology". The architecture of this ontology is defined by
the system specifications.

e The domain ontologies are used to define a controlled vocabulary (diseases,
medications, symptoms, etc). These ontologies are connected to the application
ontology and will complete it by defining some of its concepts. These ontologies are
built by medical experts.
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Figure 2. System Architecture

The decision support is based on an inference engine that receives as input the rules of
inference and the facts that is provided by the “data management” part. The rules are
introduced either by medical experts, or generated by a data mining then validated by
medical experts. The inference engine detects anomalies and raises alerts informing doctors.



92 eHealth and Remote Monitoring

e Data Management part is the core of the system, its main features are:

¢ Receive data from sensors.

¢ Communicate with other systems.

e Provide a facts base for the inference engine and receive the data inferred.

e Manage the database and ontologies.

¢ Our system must meet the following requirements:

e It must cover all patient information (physiological, environmental, behavioral), and
represent them to facilitate the detection of abnormalities and dangerous situation.

e It must contain a controlled vocabulary to communicate unambiguously with other
systems.

e The solution should be generic and can be used for any system of medical monitoring.

e  Collect patient data from sensors or doctors and store them.

¢ Infer the state of the patient based on his background and the data collected and the
rules defined by medical experts.

e A data mining to generate new evolutives rules.

¢ Rules must be generic, and evolve with the patient's condition.

e Detect anomalies and issue warnings to physicians and recommendations for the
patient.

4.1. Application ontology

The application ontology is the heart of the system. It describes the various components of
the system (users, sensors, measurements captured, the input data, alerts generated, etc).
This ontology also defines the tasks of different actors in the system.

This ontology should contain different types of users, patients, medical users (doctors,
nurses, etc.) that are assigned to patients. Other actors may have to use our system as the
patient's relatives (families and neighbors), technicians who manage the technical aspects of
the habitat or response teams (SAMU, firemen, call center emergency, etc.).

This ontology should describe the care habitat of patient (home, hospital, etc.). These
habitats include technical equipment (different types of sensors, actuators and machines), or
non-technical that the patient uses daily (furniture, dishes, etc.).

The application ontology is patient-centered. The data collected about the patient must be
stored in this ontology to be used in the process of detecting anomalies in the health status
of the patient. The collected data can be physiologies data, behavioral data or environmental
data. This data is collected by the sensors that are suitable, which are part of technical
equipment.

4.2. Domain ontologies

The domain ontologies aim to complete the application ontology by providing a controlled
vocabulary, as for diseases, symptoms and medications. These ontologies can provide a
language for sharing and communication between different actors in the system. With the
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semantics of these ontologies, our system can interact easily with other systems. Thus, data
and information processed are generic and can be introduced into other systems.

These ontologies are built by medical experts, aided by knowledge engineers to formalize
them. These ontologies can be linked between them, for example, link disease to symptoms.

We can also construct ontology from a medical corpus made up of stories, publications,
regulations, etc. With text mining techniques applied on this corpus, we define a controlled
vocabulary. This controlled vocabulary is transformed into ontology by creating
relationships between different terms such as the relationship of hierarchy.

We can also use controlled vocabularies existing in literature and transform them into
ontologies. [23] use this method to build two ontologies, one for diseases and the second for
the symptoms.

Due to the reusability of ontologies, ontologies existing in literature can be reused as the one
built by [23, 24].

4.3. Decision support

The decision support is reflected in the detection of abnormalities and changes in health
status of the patient. It is ensured by an inference engine based on rules. These rules should
be as generic as possible, and must evolve with the patient's state.

Inferred data provide recommendations and advice to the patient if necessary. If abnormal
conditions are detected, in this case, the system must send alerts to the medical staff or the
patient's family or his neighbors, or in an emergency, the call center and teams intervention.
They can also lead to an action on the machines and actuators in the habitat. Inferred data
can help the doctor diagnose the patient by providing information of the evolution of his
health.

The rules are defined by medical experts and can change over time. Rules can also be
generated after a data mining done on the databases. As data mining is probabilistic, rules
must be validated by medical experts.

For each new event (data collection), the inference engine is started to try to apply the rules
of this new data. If new data is generated by the inference engine, then resume the process
from start, taking the new data as new events. This process stops when there are no rules to
fire or that rules do not generate new knowledge.

5. Conclusion

In this paper we proposed a solution for managing data and detect anomalies in a
telemonitoring system.

Telemonitoring systems are based on the collection of information from physiologies,
environmental or behavioral sensors. In the first systems, these data were interpreted by
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physicians directly. But with technological advancement, expert systems have been
developed for the automatic processing of data.

We studied various proposals and solutions existing in literature and we presented the most
important.

We proposed a general solution that relies on the use of different types of ontologies, an
ontology management system, and domain ontologies.

Using ontologies, this solution is generic, sharable and can communicate with other systems
without ambiguities.

This solution is based on inference to detect anomalies and changes in patient's state. This
inference is based on rules that are defined by medical experts or generated by a data
mining followed by a validation by medical experts.
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1. Introduction

The stethoscope and the semantic of auscultatory findings were invented more than 200
years ago by Dr. Laennec (Traité de I’ Auscultation Médiate, Paris, 1819 [Figure 1]) and over the
years very few changes have been made to both the stethoscope itself and the way in which
it is used [1]. However, the ability to differentiate between normal and abnormal sounds or
noises (vesicular sounds, wheezes, crackles, etc) remains essential in clinical practice for
correct diagnosis and management.

Over the past two decades, much of the progress made in this area has resulted primarily
from improvements made to the stethoscope itself [1]. More recently, we have seen
advances in the techniques used to process auscultatory signals as well as in the analysis
and clarification of the resulting sounds [2,3]. The availability of novel representations of the
sounds, with phono- and spectrograms, also opens interesting perspectives in the context of
diagnostic aids, but also in education and pedagogy [4].

This chapter aims to review recent technological advances, evaluate promising innovations
and perspectives in the field of auscultation, with a special focus on the development of new
intelligent communicating stethoscope systems in clinical practice, and in the context of
teaching and telemedicine.

I NT EC H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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2. Current semantic of auscultatory findings and characterization of
sounds

The physical characterization of physiological and pathological sounds in humans is still at a
fledgling stage and has not yet resulted in reliable documentation, especially not so in the field
of pulmonary auscultation [2]. In cardiology, the situation is somewhat similar. However,
more precise data, essentially based on phonocardiography, are available, outdated as they
may be [1]. Analysis and characterization of auscultation sounds have been totally neglected
by practicing physicians and any major improvements have been made were primarily in
auscultatory tools, i.e., the new intelligent communicating stethoscope systems [4].
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Figure 1. Portrait of René Théophile Hyacinthe Laennec. Front cover of the first edition of the “Traité de
I"Auscultation Médiate”, Paris, France, 1819. Note the handwritten Latin dedication to his uncle
Guillaume Laennec in Nantes: “A mon excellent oncle, mon autre pere” ("To my great uncle, my other
father"). The original Laennec stethoscope, in wood, retains in the Museum of the History of Medicine,
in Paris, France.

Whilst conventional stethoscope auscultation is subjective and hardly sharable, the
characterization and identification of sounds by computer-based recording and analysis
systems provide objective and early diagnostic help along with better sensitivity and
reproducibility [2]. The precise definition of these physical characteristics and the
availability of new visual representations of sounds constitute exciting perspectives for
teaching and pedagogy, as we shall see later in this chapter [5].

Thus, as we have hypothesized, the new intelligent communicating stethoscope systems will
also possibly contribute to a new auscultatory semiology, based on reliable methods of
signal analysis and on visual display, and will be complementary to the acoustic signals
perceived by the practitioner [2,6].

Breath sounds or noises are produced by airflow in the respiratory system as well as the
work of the breathing apparatus. These sounds are characterized by a wide spectrum of
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different sounds - the average frequency depends on the site of auscultation [3]. It is
generally accepted that the frequency of lung sounds ranges between 50 and 2500 Hz, while
tracheal sounds can reach up to 4000 Hz [2,3,5]. In terms of respiratory pathology, it should
be emphasized that, only a small number of sounds are currently well identified and
documented in regard of physical characteristics (for review see the reference [2]).

Table 1 gives a description of various auscultatory findings - normal breath sound, namely
the vesicular murmur, and abnormal (pathological) - use clinically according to
international literature [3,4].

Type of lung sounds
according to international
nomenclature

Clinical Features

Pathological circumstances

Vesicular murmur

Very soft noise, audible throughout
the entire phase of inspiration and
during early expiration.

Detected in antero-lateral areas of
the chest and in the back, it consists
in a continuous, soft low intensity
murmur, heard throughout
inspiration

The vesicular murmur is weakened in the

following circumstances:

- extensive thickening of the wall, for example,
in obesity), example, in
emphysema (chest hyperinflation.

It is abolished when :

- the lung is collapsed by the pressure of fluid or
air in the pleural cavity, such as in cases of
pneumothorax or pleurisy

- absence of ventilation in the affected lung area,
for example, in cases of lung compression,
especially in atelectasis with retraction

for cases of

- after pneumonectomy, on the operated side.

Wheezes and whistles

Of bronchial origin and variable
intensity, wheezes are heard at a
distance from the patient.

They include inspiratory wheezes,
as well as sibilant wheezes heard
during both phases of breathing.

In cases of localized wheezing, it can be heard
during inspiration or during both phases, with
similar pitch, caused by partial obstruction of the
trachea or bronchi, due to the presence of a tumor
or foreign body.

In cases of diffuse wheezing, it is most often in the
form of bilateral wheezing, of various tonalities,
heard especially at the end of expiration and
encountered in instances of bronchial asthma. In
chronic obstructive bronchitis (bronchial
pneumonia), there is also diffuse expiratory
wheezing, due to vibration of the bronchial walls
which tend to collapse at expiration.

Rhonchi or snoring

Also of bronchial origin, sonorous
rhonchi are low-pitched, in both
inspiratory and expiratory phases,
and altered by coughing.

They are encountered in acute or chronic
bronchitis accompanied with bronchial
hypersecretion.

Usually cleared by coughing, the so-called fixed
rhonchus on the other hand does not disappear
after coughing effort and is generally associated
with downstream bronchial obstruction.

Coarse crackles (or rales)

Also called mucous rales, bubbling
rales are discontinuous and of short
duration. Emitted sounds are
irregular, uneven, intense, observed
in both phases of respiration and
altered by coughing.

They make a gurgling noise in the large airways
often associated with bronchial congestion due to
hypersecretion of mucus. They are predominantly
observed in bronchitis.
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Type of lung sounds Clinical Features Pathological circumstances
according to international
nomenclature
Fine crackles (or rales) Also called fine rales or crepitations, | They become more distinctive after coughing and

they emit discontinuous, thin, dry  [usually point to an alveolar disease process. Due
noises, high and evenly pitched, to alveolar wall detachment and their pathological
occurring in spells during features, they are observed primarily in cases of
inspiration. pneumonia, interstitial alveolar or pulmonary

edema subsequent to heart failure, but also in
pulmonary fibrosis and in certain interstitial

pneumonias.
Bronchial or tubular A coarse, high intensity and high-  [It can be heard over the thorax suggesting
breathing pitch noise that can be heard in both [pneumonia-induced pulmonary consolidation
Bronchial sound inspiratory and expiratory phases, [and is typically accompanied by a series of
although predominantly inspiratory. [crackles
Pleural breathing sound A soft, distant, veiled expiratory It is heard at the upper limit of moderate pleural
sound. effusion. Like (bronchial or tubular) breathing, it

is determined by pulmonary consolidation
complicated by pleurisy. Although attenuated by
the latter, it nevertheless exhibits different
features than (bronchial, tubular) breathing.

Amphoric breathing A high-pitch expiratory metallic It is caused by the resonance of normal breath
sound sounds in an air pocket, for example in cases of
pneumothorax (with a persistent pleural breach).
Pleural rub or Pleural Dry grating and superficial sounds, |They are due to the two inflamed pleural layers
friction rub unchanged by coughing. Their rubbing against each other. They occur at the
Intensity may be discrete, like the  [onset of pleurisy, at its upper limit or after fluid
«tustle of silk paper», or intense, evacuation.
such as the «creaking sound of new
leather». The differential diagnosis with that of coarse

crackles may be difficult, but unlike the latter,
pleural rubs appear soon after the start of
inspiration.

Table 1. International semantic on normal and abnormal lung sounds use in clinical practice [2,7,8].

The generation of heart sounds is essentially related to cardiac muscle contraction, the
functioning of the valves and turbulence generated by blood flow. The spectrum of heart
sounds is between 20 and 100 Hz for baseline signals and higher frequencies for murmurs:
500 Hz and above [1,2]. S1, corresponding to the closure of the mitral and tricuspid valves,
incorporate frequencies ranging from 10 to 100 Hz. S2, resulting from the opening of the
aortic and pulmonary sigmoid valves, is of higher frequency, generally between 150 and 200
Hz. It should be noted that additional heart sounds (S3 and S4) may be heard and additional
diastolic noises originating from the valves can also be observed with mitral opening snap,
pericardial (friction) rub or knock, etc. Lastly, we can also detect so-called “organic
murmurs” which are related to alterations of the mitral or tricuspid atrioventricular valves
(inlet valves) or ventriculo-aortic or pulmonary valves (ejection valves) (for review see the
reference [4]).

Figure 2 depicts the chronological and morphological characteristics of heart murmurs,
illustrating how the practitioner makes a diagnosis by taking into account these elements
when analyzing the auscultatory signal perceived [2].
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Figure 2. Schematic representation of breaths during the cardiac cycle.

3. Advances and perspectives in documentation and characterization of
sounds

In practice, auscultation diagnoses are often made based solely on past experience of the
practitioners, and rely more on intuition than on rigorous and systematic classification
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systems [1]. However in recent years, various studies have endeavored to characterize,
identify and describe sounds in greater detail, especially in the respiratory field [5-8].

It is in this context that an innovative project known as ASAP: “Analyse de Sons Auscultatoires
et Pathologiques” (Analysis of Auscultatory and Pathological Sounds) was developed by the
French national agency for research (ANR 2006 - TLOG 21 04, headed by Professor E.
Andres) [5]. This project was supported by the development and the provision of a new
intelligent communicating stethoscope system.

The main objective of this project was to bring pulmonary auscultation into the era of
evidence-based medicine, based on the identification of sounds using innovations in
technology, mathematics and computer science in order to "rediscover" the clinical
significance of respiratory sounds [5]. The ASAP project allowed us to documented
physically characterized these sounds in more detail.

To date, we have collected over 500 auscultations, well-documented clinically (Figure 3),
and began an analysis of its physical characteristics of the sounds. Thus, physically-
speaking, crackles correspond to a characteristic wave whose appearance is shown in Figure
4, a representation revisited and detailed elsewhere [4,9]. Note that it is generally accepted
that the duration of crackles is less than 20 ms and their frequency is between 100 and 200
Hz [10]. A sibilant wheeze, on the other hand, is characterized by a waveform with a
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Figure 3. Clinical documentation and physical characterization of sounds collected through the ASAP
project. These data includes: characteristics of the patient; auscultation type; acoustic data; diagnosis;
sounds (data collected in the ASAP project) [5].
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Figure 4. Representation of a breathing cycle in a patient with chronic obstructive pulmonary disease,
along with respective phases of inspiration, expiration and respiratory pause in the form of a
phonopneumogram (2a) and a spectrogram (2b). Presence of numerous coarse crackles especially
visible on the spectrogram (2b) (indicated by arrows) (data collected in the ASAP project) [5].
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dominant frequency usually above 100 Hz and a duration exceeding 100 ms. In terms of
physics, wheezing sounds are longer than 50 or 100 ms but less than 250 ms [4,9,10]. The
frequency of wheezes ranges between 100 and 2500 Hz with a characteristic peak frequency
of 100 or 400 Hz and 1000 or 1600 Hz.

The ASAP project is complementary to other work conducted locally at the University
Hospital (CHRU) of Strasbourg in collaboration with the research team led by Doctor C.
Brandt, notably the project: “Perspectives et apports du développement d'un stéthoscope
communiquant a 'ére de la telemedicine” (Perspectives and contributions of the development of
a communicating stethoscope in the era of telemedicine) (PRI HUS - No. 4179, headed by
Doctor C. Brandt and Professor E. Andres, Strasbourg, France) [6].

The objectives of this project were: validation of a new communicating stethoscope we have
developed (see a mnext section of this chapter); comparison of conventional (acoustic)
auscultation with this new communicating stethoscope system; creating an auscultatory
library; and development of expert systems for real-time analysis of signals from
cardiovascular and pulmonary auscultation for diagnosis assistance.

Forward, the ASAP and PRI projects aims at making evolve the auscultation technics:

- first, by the development objective tools for the analyse of auscultation sounds:
electronic stethoscopes paired with computing device;

- by the creation of an auscultation sounds’ database in order to compare and identify the
physical characteristics, the acoustical and visual signatures of the pathologies;

- and lastly, by the capitalisation of these new auscultation techniques around the
creation of a teaching unit and a school of auscultation on the web
(http:/fwww.websound.fr) [5,6]. This auscultation’s school, potentially hosted on the web,
will be destined to the initial and continuous formation of the medical attendants
(Figure 5).

4. Advances in the field of sound representation and perspectives in
teaching

Whereas conventional auscultation is subjective and interpreted by a single clinician, the
characterization of sounds through recording, analysis and auscultatory signal processing
systems provides in several studies better sensitivity and specificity when interpreting
findings [4,11]. The availability of new technologies opens up interesting perspectives in the
field of diagnostic tools, but also in education [4,12].

In fact, as well as providing a reliable addition to routine clinical diagnosis, these "tools"
should ultimately lead to improvements in auscultatory training, based on the "physical"
characterization of signals and sounds, as well as a visual representation in the form of:

- phonopneumogram or phonocardiogram: a tool providing simultaneous representation
in time of the respiratory phases (Figure 2a) or the cardiac cycle and the auscultation
signal (Figure 6a);
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- spectrogram: a tool where time is indicated on the abscissa, frequency on the ordinate
and the intensity of the signal is represented by a color palette for the respiratory (Figure
2b) or heart signal (Figure 6b).

Figure 5. Potential teaching contributions of advances and innovations in the field of auscultation with
the creation of a school of auscultation on the web [4,5]. This school of auscultation includes several
components: Patient follow-up, Collection of sounds, Consultation, Transmission, Listening, Analysis,
Validated and classified respiratory sounds, Automated analysis, Sound database, Secured access,
Students, Initial training, School of Auscultation, Physicians, Diagnostic aid, Continuing Education,
Specialists, Certification Validation.
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Figure 6. Representation of a recording of a cardiac auscultation in an individual with aortic stenosis
with a systolic ejection murmur (indicated by a white arrow) in the form of a phonocardiogram (6a) and
a spectrogram (6b) (data collected in the PRI project) [4,5].

To have a sort of proof of concept of the “plus value” of our intelligent communicating
stethoscope system, we conducted a preliminary study at the University Hospital of
Strasbourg with the aim of evaluating the diagnostic "performance" of these new
visualization tools (phono- and spectrogram). We asked a cohort of medical graduate
students (n = 30) to listen to 10 sounds in order to diagnose heart and lung pathology [13].

They were then asked to tick the appropriate box corresponding to the diagnosis relating to
the sound they had just heard (as with an acoustic stethoscope). The correct response rate
was 40 to 60 %. The same exercise was then carried out again with the addition of a visual
representation of the sound (phonopneumogram or phonocardiogram and spectrograms).
In this second phase of the trial, the rate of correct diagnosis reached 70 to 90%. Table 2
presents the detail of these data. Analysis of this table shows that the improved performance
(rate of correct diagnosis) is particularly significant for cardiac pathology.

Thus in our experience, addition of visual representation of sounds has significant
implications in terms of medical medical education, and also in term of decision-making,
potential patient safety, and cost control. In the field of teaching, a recent well designed
study conducted by Sestini et al. supports the results of our work, concluding that an
association between the acoustic signal and the image is highly useful for learning and
understanding the basis of respiratory sounds [12].

To date, several stethoscopes on the market are already accompanied by specialized
software providing the physician with a "visual representation of sounds", using various
time-frequency representations, in the form of images. These can then be used in
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conjunction with the auditory information obtained from a stethoscope to achieve a
diagnosis [6]. This “second channel” of information allows the practitioner to strengthen his
clinical findings, and is likely to result in a more reliable diagnosis [14]. Figure 7 illustrates
this concept by using the example of aortic insufficiency (confirmed by cardiac ultrasound
scan) which was not heard with the acoustic stethoscope but was visualized using our
intelligent stethoscope prototype from the ASAP project [4]. This is a major achievement,
using advances in medical technology to facilitate the work and training of practitioners.
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Figure 7. Aortic insufficiency (indicated by white arrows) not heard with the acoustic stethoscope but
visualized using our intelligent stethoscope prototype and confirmed by echocardiography (data
collected in the ASAP project) [4].
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All students
(n=230)

Without tools | With tools

% of “good” diagnosis (n = 10) 64% (191) 80% (239)
% of “good” diagnosis in respiratory auscultation (n = 5): 61% (92) 70% (105)
normal respiratory auscultation 57% (17) 63% (19)
crackles (chronic bronchitis) 57% (17) 60% (18)
crackles (interstitial pneumonia) 53% (16) 70% (21)
wheeze sibilants (acute crisis of asthma) 70% (21) 83% (25)
stridor (lung carcinoma) 70% (21) 73% (22)

% of “good” diagnosis in cardiac auscultation (n=>5): 66% (99) 89% (134)
normal cardiac auscultation 73% (22) 93% (28)
aortic stenosis 60% (18) 100% (30)
aortic regurgitation (minimal murmur) 30% (30) 70% (21)
mitral stenosis 40% (12) 87% (26)
arrhythmia (auricular fibrillation) 57% (17) 97% (29)

Table 2. Results of the use of new tools as phono- and spectrogram for visualizing sounds in 30 medical
students [13].

5. Advances and innovations in the field of auscultatory signal analysis

To date, there has been very little research on the analysis of auscultatory signals. In terms
of signal automation and processing, research is limited to detection of frequency peaks,
sound duration measurements, etc [15,16].

In cardiology, little work has been conducted to render the stethoscope "intelligent" by
allowing it to provide the clinician with an advanced diagnostic tool, as, for example, that
provided by ECG systems which offer the practitioner a plot analysis as a diagnostic aid
[14,17].

Of note is the work by Mint and Dillard who developed a stethoscope capable of diagnosing
systolic or diastolic sounds present between B1 and B2 beats, and which measured the heart
rate using a simple time-frequency analysis of the time periods of interest [14].

We also should acknowledge the work carried out by Murphy, who worked towards
developing an "intelligent" stethoscope for which the technology is both interesting and
innovative. These studies are reviewed, appended and presented in detail in reference [2].

In terms of respiratory medicine, the automated analysis of pulmonary auscultatory signals
remains a challenge, especially compared with the cardiac field. The European Community-
funded CORSA project, conducted between 1990 and 2000, provides an overview of the
technical advances in respiratory sound analysis using signal processing tools [8,18].

Several studies have also provided an update on the various techniques used for the capture
and digitization of respiratory sounds as well as giving an overview of analytical methods
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based on more standardized semantics [17-20]. A summary of the techniques and
characteristics of the leading methods used to assess each type of respiratory sound is
provided in references [2,16,17].

As part of the ASAP project mentioned above [5], the team led by Professor C. Collet of the
Image Sciences, Computer Sciences and Remote Sensing Laboratory (LSIIT) of the
University of Strasbourg (in Strasbourg, France), developed a novel approach in automated
analysis of pulmonary auscultation signals [20-22]. As a second step, we then validated this
approach on a small number of patients presenting with either: an auscultation defined as
"normal”, COPD with numerous crackles or asthma with wheezing.

The methods developed by C. Collet’s team involve multiresolution signal analysis through the
use of Bayesian tools in the wavelet packet domain, associated with multimodal Markovian
modeling adapted for the analysis of lung sounds (high intra and interpatient variability, low
signal to noise ratio SNR) (http://lsiit-miv.u-strasbg.fr/lsiit/perso/collet/) [21,22]. Innovative
vagueness (fuzzy) and uncertainty (probability) concepts on the observed data were developed
and implemented successfully and resulted in the defining of an early statistical marker of
asthma. These studies also focused on the detection of crackles using a deconvolution method
(Bernoulli Gaussian model) allowing the density of the crackles to be quantified [4].

It should be mentioned that, in collaboration with the team led by Professor A. Dieterlen
(University of Haute Alsace, Mulhouse, France), our team at the University Hospital of
Strasbourg are also trialing a complementary approach in the field of cardiac signal analysis
(PRI project [see above]).

Ultimately, there is scope for these different innovations to be combined in the future after
refining and re-valuation of the procedures involved (using strict protocols similar to those

used for drug development), to create new "communicating,” "intelligent" stethoscopes.

6. Advances and innovations in the realm of the stethoscope

Today’s technology, along with developments in modern medicine means that in the near
future a communicating, wireless stethoscope will soon become available. This stethoscope
will enable the recording, automated analysis and visualization of auscultatory signals [6,9].

INFRAL, a company (with whom we collaborate) based in Strasbourg, France, has
developed several prototypes, with the aim of creating an intelligent communicating
stethoscope system, which combines a diagnostic aid with tools for visualization and
automated analysis [4].

This diagnostic aid is not only a helpful tool which assists physicians in making rapid
decisions, but it will also allow developments in the field of telemedicine, for example; by
the establishment of a database of auscultation sounds, by enabling the exchange of sounds
between physicians and by allowing auscultation to be performed “from a distance” e.g.
when seeking further expertise, etc. More importantly, it will allow auscultation to enter the
field of fact-based medicine [6,9].

109



110 eHealth and Remote Monitoring

Figure 8 depicts one of the intelligent stethoscope prototypes, which uses Bluetooth to
communicate with a PC, hand held computer or smartphone. This prototype was developed
initially in the ASAP project (input of ALCATEL LUCENT), than by INFRAL, combining
our expertise from several research projects as well as in the field of human sounds analysis,
electronic stethoscope, e-health, e-teaching [4].

Bluetooih -

— &

Automatic

signal analysis \

Figure 8. Several prototypes of intelligent (automatic signal analysis) communicating (Bluetooth)
stethoscope system developed by our team in Strasbourg, France in different research projects, in
collaboration mainly with LANNEXT, ALCATEL LUCENT, and currently with INFRAL [4].

In practical terms, a certain number of modern stethoscope models already feature functions
for recording, storing and transmitting sounds. Table 3 presents an overview of the major
“electronic” stethoscope models currently available on the market and those, which we have
tested [4,23]. The following section outlines two examples of new intelligent communicating
stethoscope systems that we tested in clinical practice in our Department.
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Frequency bands | Communication Additional Ref Price
and implemented mode Information
filters

Andromed Presence of filers |Wired connection [Andromed 08a]

(high-pass at 200 [Andromed 08b]
Hz)

Jabes Diaphragm mode |Wired connection [Jabes 08] $299- $389
(lung): 200 to 500
Hz
Bell mode (heart) :

20 to 200 Hz

Wide mode : 20 to

1000 Hz

Stethoflux Coupling of [Stethoflux 08] $960

acoustic
stethoscope and
integrated
continuous
wave doppler

Welch-Allyn 20 - 20000 Hertz ; |Wired connection  |Integrated ECG | [WelchAllyn 08] | $225 - $240
although two
modes are
present : the bell
mode (heart) 20-

420 Hz, and the
diaphragm mode
(lungs) 350-1900
Hz

3M Littmann Bell mode (20-200 |Infrared Transfer and [Littmann 08] $465 - $674
Hz), diaphragm display of (4100WS
mode (100-500 sounds require model)
Hz) and extended additional time
mode (20-1000 and investment
Hz). by the physician

conducting the
auscultation
Differed
viewing and not
in real time

Thinklabs Filter for adjusting Analysis [Thinklabs 08] [ $400 - $500
sound in software
bell/diaphragm derived from
mode, and Audacity
acoustic mode.

Cardionics 8 filters enabling  |Wired (jack) Also has a [Cardionics $335 - $575
the attenuation or complement O8a][Cardionics
amplification of 8 system enabling O8b]
different ECG capability

frequency bands
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Frequency bands | Communication Additional Ref Price
and implemented mode Information
filters
Cardionics — 8 filters enabling  |Wire (jack) Multi probes [Stethographics 08] | $279 - $489

Stethographics  |the attenuation or
amplification of 8
different
frequency bands

Table 3. Principal characteristics of electronic stethoscopes currently available commercially [4].

The JABES Life Sound System is an auscultatory system composed of the JABES Electronic
Stethoscope and JABES Life Sound Analyzer software. JABES hold the patent to this stethoscope
technology, which consists primarily of an analog amplifier that can amplify body sounds up
to 20 times. Hand tremor and ambient noise is minimized using information provided by the
manufacturer, but in reality noise from the chest piece is very important.

The stethoscope offers various modes of auscultation: Bell, Diaphragm or Wide, each with 7
levels of volume control. Auscultation modes are reported to imitate the behavior of an
acoustic stethoscope. Moreover, the system includes filters that reject certain frequency
ranges in order to focus on lung or heart signals.

The JABES Life Sound System software allows the physician to record the body sounds of the
patient directly onto his PC in order to view the phonocardiogram. In addition, heart and
lungs sounds as well as the heartbeat can be visualized in real time.

The connection between the stethoscope and the PC or external recording equipment
comprises a cable connected to the PC or external recorder jack socket. Sounds can be recorded
on the PC in MP3 format, but are not documented. In particular, the sample sounds are not
accompanied by tags (i.e. basic information such as the area over which the sample was taken).

It is also significant that sounds cannot be transmitted in “real-time” — hence simultaneous
auscultation from a distance is not possible: the signal must first be recorded on the PC,
before it can be transferred via email, CD or USB flash drive (for a second opinion). Thus
because of these limitations, in our opinion it is not suitable for teaching purposes.

The 3M™ LITTMANN stethoscope (LITTMANN 08) is an electronic stethoscope that allows
to 6 different sound recordings during auscultation. The sounds are stored directly in .wav
format in the internal memory of the stethoscope.

The practitioner can then, through an analog connection to the PC (i.e. external microphone
jack), or via an infrared link, transfer the sounds onto his PC for viewing using specific
software provided by 3M.

This stethoscope allows sound to be amplified up to 18 times. It has several features
including: ambient mechanical noise reduction technology, configurable filters with 3
frequency response modes for listening to the heart, lungs and other human body sounds:
bell mode (20-200 Hz), diaphragm mode (100-500 Hz) and extended mode (20-1000 Hz).
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The features are very similar to those of the JABES stethoscope; however this system is
much more expensive. The stethoscope allows the physician to view the auscultatory
sounds; although the display image is delayed and not in real time. Moreover, the transfer
of sounds and their display require both additional cost and time. During auscultation it is
not possible to visualize how the frequency spectrum of the signal changes with time,
making the examination unsystematic, complicated, and invariably much longer.

It should be noted that the electronic stethoscopes currently on the market all have analog
amplifiers, providing the option of connecting to a PC through the analog microphone jack
socket [4]. In order to simulate "defects" introduced by acoustic stethoscopes, these
electronic stethoscopes all offer analog filters that supposedly mimic the behavior of the bell
or chest piece of the acoustic stethoscope. Finally, the wired connection between the
stethoscope and the storage/processing device (PC or hand held computer or smartphone) is
a major handicap in terms of user ergonomics.

7. Perspectives for the use of the new intelligent communicating
stethoscope system in telemedicine in the field of chronic pathologies

Moreover, applications, including diagnosis establishment, monitoring and data exchange
through Internet are obviously complementary tools to objective and automatic auscultation
sounds analysis. Sensors devices will allow long duration monitoring for patient at home or
at hospital. It could also be a useful solution for less-developed countries and remote
communities... In addition, this type of system has the great advantage to keep the non-
invasive and less expensive characteristics of auscultation.

The European based project, known as E-PERION, aims to develop telemedicine by using a
platform which enables "secure" home support for fragile patients and/or those with chronic
diseases (LEAD-ERA tender, 2010) (Figure 9). An intelligent communicating stethoscope
system is one the deployed devices, especially in patients with respiratory and/or cardiac
failure. This project is developped by INFRAL company (based in Strasbourg, France), in
association with our team in Strasbourg.

This company is actively involved in the design and manufacture of modular and portable
devices, which enable the transfer of essential medical data (http://infral-systems.com/). Such
devices use innovative concepts to register and transmit vital parameters from medical devices.

In clinical practice, the most interesting and immediate advantages offered by this tool
include:

- the ability to strengthen clinical evidence in favor of a particular diagnosis by
visualization of the acoustic “pattern” of the sound;

- the ability to monitor the evolution of a pathology, by recording findings in a given
individual;

- and the ability to share data, allowing the exchange of data between health care
professionals (using an infrastructure similar to that of the ASAP project)).
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Figure 9. Prototype of a telemedicine platform enabling the "secure" home support of frail subjects and
patients with chronic diseases, and integrating a “communicating” and “intelligent” stethoscope (with
the permission of INFRAL Company).

8. Conclusions

Conventional auscultation is subjective and not easily shared. Modern medical technology
allows us to optimize ausculatory findings and hence achieve a correct diagnosis by
physically characterizing sounds through recordings, visualization and automated analysis
systems. The development and availability of novel tools based on innovations in science
and communications technology provide the clinician with an invaluable aid in order to
achieve an early objective diagnosis, as well as offering increased sensitivity and
reproducibility of auscultatory findings. Such advances have not only led to the
development and use of new intelligent communicating stethoscope systems, but they have
also significantly contributed to the revival of telemedicine, particularly as a diagnostic and
teaching aid, e-teachnig and pedagogy.
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1. Introduction

The advancement of technology has paved the way for signal processing methods to be
implemented and applied in many simple tools useful in everyday life. This is most notable
in the medical technology field where contributions involving the intelligent applications
have boosted the quality of diagnosis. Proposing an objective signal processing methods
able to extract relevant information from biosignals is a great challenge in telemedicine and
auto-diagnosis fields.

For the cardiac system, many signals can be treated and monitored; ElectroCardioGram
(ECG), PhonoCardioGram (PCG), Echo/Doppler and pressure monitor, see Figure 1.

o Electrical Cardiac Wascular
‘Cafd'f*: Electrics Mz thanical Blacd faw Mechanical
Sysber Systam .' System

- '

'
- Echof Pressure
{ PLG J L Doppler .. J P koo

Telemedicine

Figure 1. The cardiac activity with different measurable signals [1].

The interest of this book chapter is the PCG signal. PCG and auscultation are noninvasive,
low-cost and accurate for diagnosing some heart diseases.

I NT EC H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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The PCG signal confirms, and mostly, refines the auscultation data and provides further
information about the acoustic activity concerning the chronology of the pathological signs
in the cardiac cycle, by locating them with respect to the normal heart sounds. The cardiac
sounds are by definition non-stationary signals, and are located within the low frequency
range, approximately between 10 and 750 Hz.

The analysis of the cardiac sounds, solely based on the human ear, remains insufficient for a
reliable diagnosis of cardiac pathologies, and for a clinician to obtain all the qualitative and
quantitative information about cardiac activity especially in the field of time intervals.

Information, such as the temporal localization of the heart sounds, the number of their
internal components, their frequency content, and the significance of diastolic and systolic
murmurs, could all be studied directly on the PCG signal. In order to recognize and classify
cardiovascular pathologies, advanced methods and techniques of signal processing and
artificial intelligence will be used.

For that, different approaches could be considered for improve the electronic stethoscope:

Tool with embedded autonomous analysis, simple for home use by the general public for
the purpose of auto-diagnosis, monitoring and warning in case of necessity.

Tool with sophisticated analysis (coupled to a PC, Bluetooth link) for the use of
professionals in order to make an in-depth medical diagnosis and to train the medical
students.

Whatever the approach, one of the first and most important phases in the analysis of heart
sounds, is the segmentation of heart sounds. Heart sound segmentation partitions the PCG
signals into cardiac cycles and further into S1 (first heart sound), systole, S2 (second heart
sound) and diastole.

Identification of the two phases of the cardiac cycle and of the heart sounds with robust
differentiation between S1 and S2 even in the presence of additional heart sounds and/or
murmurs is a first step in this challenge. Then there is a need to measure accurately S1 and
S2 allowing the progression to automatic diagnosis of heart murmurs with the distinction of
ejection and regurgitation murmurs.

This phase of autonomous detection, without the help of ECG is based on signal processing
tools such as: Shannon energy [2], Hilbert Transform [3], high order statistics [1], hidden
Markov model [4] ...

In this chapter we present a new module for heart sounds segmentation based on time-
frequency analysis (S-Transform). The goal of this study is to develop a generic tool, suitable
for clinical and home monitoring use, robust to noise, and applicable to diverse pathological
and normal heart sound signals without the necessity of any previous information about the
subject. The proposed segmentation module can be divided into three main blocks:
localization of heart sounds, boundaries detection of the localized heart sounds and
classification block to distinguish between S1 and S2.
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The proposed methods are evaluated based on a database of 80 subjects (40 pathologic). This
study is made under the control of an experienced cardiologist, in with the aim of validating
the results of each method.

This chapter is organized as follows: Section 2 describes the data base used in this study. It is
followed by the Section 3 which describes the different methods proposed for the
segmentation module (localization, boundaries detection and classification). The results and
discussion are presented in Section 4 and Sections 5 and 6 give the future research and the
conclusion.

2. Data base

Several factors affect the quality of the acquired signal, above all, the type of the electronic
stethoscope, its mode of use, the patient’s position during auscultation, and the surrounding
noise. According to the cardiologist’'s experience, it's preferable that the signals remain
unrefined; filtration will only be applied subsequently in the purpose of signal analysis. For
this reason we used prototype stethoscopes produced by Infral Corporation, and comprising
an acoustic chamber in which a sound sensor is inserted. Electronics of signal conditioning
and amplification are inserted in a case along with a Bluetooth standard communication
module.

Different cardiologists equipped with a prototype electronic stethoscope have contributed to
a campaign of measurements in the Hospital of Strasbourg. In parallel, 2 prototypes have
dedicated to the MARS500 project promoted by ESA, in order to collect signals form 6
volunteers (astronauts). The use of prototype electronic stethoscopes by different
cardiologists makes the database rich in terms of qualitative diversity of collected sounds,
which in turn makes the heart sounds localization more realistic.

The sounds are recorded with 16 bits accuracy and 8000Hz sampling frequency in a wave
format, using the software “Stetho” developed under Alcatel-Lucent license.

The dataset contains 80 subjects, including 40 cardiac pathologies sounds which contain
different systolic murmurs. Each subject corresponds to one recording sound. The length of
each sound is 8 seconds.

3. Method

3.1. Preprocessing

At first the original signal is decimated by factor 4 from 8000 Hz to 2000 Hz sampling
frequency and then the signal is filtered by a high-pass filter with cut-off frequency of 30 Hz,
to eliminate the noise collected by the prototype stethoscope. The filtered signal is refiltered
reverse direction so that there is no time delay in the resulting signal. Then, the
Normalization is applied by setting the variance of the signal to a value of 1. The resulting
signal is expressed by:
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x(t)

X yorm (£) = m

3.2. Localization of heart sounds

The localization algorithms operating on PCG data try to emphasize heart sound
occurrences with an initial transformation that can be classified into three main categories:
frequency based transformation, morphological transformations and complexity based
transformations [1]. The transformation try to maximize the distance between the heart
sounds and the background noise, and the result is smoothed and tresholded in order to
apply a peak detector algorithm. We note here, that the main goal of heart sound
localization is to locate the first and the second heart sounds but without distinguishing the
two from each other and without detecting the boundaries of located sounds.

3.3. SRBF localization method

We proposed the RBF method as a transformation to emphasize heart sounds and it was
shown to have a good performance on low level noise signals [5]. However, In the presence
of high level of noise, the performance of the RBF method decreases. This was not surprising
because the method operates directly on the heart sound without any feature extraction
step. To deal with this problem, we proposed a method for heart sounds localization named
SRBF [6]. This method aims at extracting the envelope of the signal by applying the features
extracted from the S-Transform matrix of the heart sound signal to the radial basis function
(RBF) neural network. Compared with other existing methods for heart sounds localization,
SRBF was shown to have a significant enhancement in term of sensitivity and positive
predictive value and the robustness of this method was shown against additive white
Gaussian noise.

We will briefly explain the different steps of the SRBF method:

Compute the Feature RBF neural Envelope
S-matrix of the |—p exiraction  a network - extraction
heart sound classifier

Figure 2. Block Diagram of SRBF Method

1. The S-Transform of the heart sound is calculated. A frequency range of 0-100 Hz was
used to cover the main frequency band of S1 and S2 and to avoid murmurs which have
in general a spectral energy above the frequency of 100 Hz [7].

2. A sliding window of 50 ms (so 100 samples) was operated on the S-matrix and an
overlap of 75% was chosen. The feature extraction is done by applying some standard
statistical techniques and transformations like Root Mean Square (RMS), the maximum
and the average of each column of the S-matrix. Each array (100 samples) was divided
into 5 segments and the mean of calculated features of each segment was calculated and
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taken as input to the classifier. So for each step we have a 100 by 100 matrix which gives
15 descriptors.

3. A RBF neural network classifier is used and trained on two heart sounds samples (S1
and 52) and two no heart sound samples (systole, diastole) selected randomly from the
database. The target is fixed to 1 for S1 or S2 and 0 for the other components. So the
envelope of the signal is constructed by the output of the RBF neural network.

3.4. SSE localization method

A new method for the localization of heart sounds is proposed in this study (SSE). It uses
the S-matrix like the SRBF method (0-100 Hz) and it calculates the Shannon Energy (SE) of
the local spectrum calculated by the S-transform for each sample of the signal x(¢). Then, the
extracted envelope is smoothed by applying an average filter (Figure 3).

Compute the Shannon Smooth the
S-matrix of the |—9»| energy ofthe |—pi extracted
heart sound local spectrum envelope

Figure 3. Block Diagram of SSE Method

The S-Transform proposed in [8], of a time series x(t) is:
S(z, f)= [ x(tyw(z —t)e > dt )

Where the window function w(7-t) is chosen as:
—t

_ 1 ZO'fZ
w(t, f) —a(f)\/ge ®)

And o(f) is a function of frequency as:

1
1Al

The proposed SSE method calculates the Shannon energy of each column of the extracted S-
matrix as follows:

o(f)= 4)

SSE(x)) =3 5(,i)* log(S(j, 1?) )
=0

Each column of the S-matrix represents the local frequency at a specific sample. The advantage
of the Shannon energy transformation is its capacity to emphasize the medium intensities and
to attenuate low intensities of the signal which represents the local spectrum in the case the
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SSE method. The main difference between the SSE and the SRBF method is the training phase
needed for the RBF module. The RBF neural network in the SRBF method can be considered as
a non-linear filter which is replaced with a simple average filter in the SSE method.

3.5. Boundaries detection algorithm: An optimized S-transform approach

The boundaries detection algorithm aims at estimating the onset and the endpoint of the
located heart sounds. Accurate boundaries estimation is a very important step in the heart
sound segmentation module and it is essential for the extraction of meaningful features
from each part of heart cycles in order to perform an auto-diagnosis process.

3.5.1. Overview of existing methods

Different boundaries detection algorithms exists in the literature, in [2] the boundaries are
estimated by applying a threshold on the extracted envelope of the signal, this is not be
accurate for some cardiac cycles, because the envelope threshold level is used based on the
average value of the whole recordings periods. The same authors propose another algorithm
that employs the STFT (Short Time Fourier Transform) to explore the time-frequency domain
of the signal [9]. Authors quantify the spectrogram at each segment to two values by applying
a threshold that reserves 60% of the signal energy, however, it is not clear how the energy of
the signal is calculated and the accuracy of the algorithm is not mentioned. In [10] authors use
some biomedical features of heart sounds (S1 and S2) like the maximum duration of S1 and S2
to determine the limit of estimated boundaries, the disadvantage of this method is that the
estimation of energy of the signal is based on the time domain only, so in the presence of high
level of noise the performance of this method will decrease dramatically.

3.5.2. The OSSE algorithm

In this chapter, we propose a new algorithm to estimate the heart sounds boundaries. The
proposed algorithm tries to optimize the energy concentration of the S-transform at each
located sound by using a window width optimization method. The envelope of the
optimized S-transform is then recalculated by using the SSE approach and an adaptive
threshold is applied to determine the onset and the ending of each located heart sound. Let
us assume that L is the time located sounds after applying the localization method on the
heart sound and S(M,N) is the S-matrix of the heart sound where M represents the
frequency domain and N the time domain.

The block diagram of the proposed algorithm (OSSE) is shown below (Figure 4).

Estimate the Optimize the energy Calculate the SSE Apply alocal
boundaries limit for concentration of the N envelope of the adaptive threshold to
—» . > . . — .
each located sound extracted S-matrix optimized S-matrix refines the estimated
boundaries
< >
a b c

Figure 4. The block diagram of the OSSE Method
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a. Estimate the boundaries limit

The boundaries limits are estimated basing on the fact that the maximum duration of S1 and
52 is 150 ms [11]. So a 150ms window is applied in the proximity of detected S1 and S2
peaks which covers 75ms in the backward direction of the S1 or 52 peak and 75ms in the
forward direction.

b. Optimized S-transform

Many studies tried to improve the TF representation of the S-transform[12-14]. The main study
in the literature interested to optimize the energy concentration in the TF domain was in [14].
That is, to minimize the spread of the energy beyond the actual signal components. As it well
known, the ideal time-frequency transformation should only be distributed along frequencies
for the duration of signal components. So the neighboring frequencies would not contain any
energy and the energy contribution of each component would not exceed its duration [15].

The energy concentration in the Time-Frequency (TF) domain is a very important parameter
for the algorithms that aim to detect the duration of any given events in a signal. Therefore,
it should hold the same importance for the boundaries detection algorithm of heart sounds
based on time-frequency features. However, in some cases, the S-transform suffers from
poor energy concentration in TF domain. Hence, the importance of an energy concentration
optimization process to improve the boundaries estimation of the heart sounds.

The main approach is to optimize the width of the window used in the S-transform. The
width of the Gaussian window can be controlled by several ways by adding a new
parameter to the window equation. We use in this study the parameter p introduced in [14]
and we investigate another parameter named «a (see equation 6). Both of them control the
Gaussian window width:

I

We note here that in this study when a vary, p is fixed to 1, and when p vary, a is fixed to 1.
The optimal value can be calculated in two methods; the first method calculates one global
parameter, which is recommended for signals with constant or very slowly varying
frequency components. The second method calculates the time-varying parameter which is
more suitable for signals with fast varying frequency components. The disadvantage of the
second approach is its high computational complexity which makes it unsuitable for
applications where time is an important factor.

o(f)= (6)

Based on the first approach, the optimization algorithm is applied on both parameters p and
a, separately. The performance measure against each parameter is compared in section (5.2).
The performance measure is based on the concentration measure (CM) proposed in [16]. For
each a (or p) from a given set, the CM (a) can be expressed by [14]:
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With S7(t, f) is the normalized energy of the S-transform for each a; it’s given by:
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The CM (@) and CM (p) are calculated and compared for all existing S1 and S2 sounds in the
database. We note again that the main objective is to enhance the concentration energy of
the S-transform in order to detect precisely the boundaries of the located heart sounds. We
consider the parameter that reaches a higher CM to be more appropriate for the heart sound
signals.

c.  The Adaptive threshold

Performing an optimized S-transform before calculating the SSE envelope makes the choice
of threshold less sensitive to the variation of different heart sounds. In this study, a
threshold which equals 10 % of the maximum value of the SSE envelope is applied to refine
the estimated boundaries.

3.6. Distinguishing S1 and S2

Most of the existing methods for the segmentation of heart sounds use the feature of systole
and diastole duration to classify the first heart sound (S1) and the second heart sound (S2)
[1,17-18]. These time intervals can become problematic and useless in several clinical real life
settings which are particularly represented by severe tachycardia or in tachyarrhythmia
(Figure 5).

[}
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Figure 5. Example of an arrhythmic subject.

Consequently with the objective of development of a robust generic module for heart sound
segmentation, we present in this chapter two feature extraction methods based on the
Singular Value Decomposition (SVD) technique applied on the S-matrix, to classify S1 and
52. We investigate also, the ability of a new individual features based on the width of the
optimized Gaussian window of the S-Transform, to discriminate between S1 and S2.

3.6.1. Feature extraction based on the S-Transform

The SVD is a powerful tool that provides a compact matrix or compact significant
information about single signal. Different ways exist in the literature aims to represent the
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time-frequency matrix in a compact manner by using the SVD technique. In [19] authors
extracted the eigenvalues of the time-frequency matrix. In [20] authors extended the method
to also incorporate information from the eigenvectors to classify EEG seizures. In [21] the
last technique is applied on the S-matrix in the aim to extract features for systolic heart
murmur classification. Following this approach, this study proposes a feature extraction
method for S1 and S2 classification.

The time-frequency analysis is performed by the S-Transform. The S-matrix Si of the
extracted heart sound Hi is decomposed by the SVD technique as follows:

S;=upv’ ©)

Where U(MxM) and V(NxN) are orthonormal matrices so their squared elements can be
considered as density function[20], and D(MxN) is a diagonal matrix of singular values. The
columns of the orthonormal matrices U and V are called the left and right eigenvectors
which contains in this case the time and frequency domain information, respectively. The
eigenvectors related to the largest singular values contain more information about the
structure of the signal.

Based on our experience, in this study, the first left eigenvector and the first right
eigenvector that correspond to the largest singular values are used for the feature extraction
process. The histogram (10 bins) for each related distribution function is calculated based on
the density function. Five feature vectors obtained by this method are tested in the
classification process; the eigentime histogram vector U: (T-Features), the eigenfrequency
histogram vector V1 (F-Features), the singular values vector D1 (SV Features) and the time-
frequency vector U:&Vi (TF Features). All vectors have a length of 10 features except the
time-frequency vector that has a length of 20.

3.6.2. Feature extraction using the EMD

In the last few years, the Empirical Mode Decomposition (EMD) has been applied in many
fields one of which the biomedical signal analysis, like the emotion classification in natural
speech [22], analysis of gastroesphageal information [23]. EMD has been applied to a
simulated heart sounds in [24] authors show that EMD provides clear information about the
components of S1 and S2 and their instantaneous frequency behaviour. In [25] authors
presented a feature analysis approach of heart sound based on the improved Hilbert-Huang
Transform, and applied the improved HHT by Hilbert spectrum analysis of various cases of
heart sounds. In this study, a new feature extraction method based on EMD technique and
Shannon energy is proposed for S1 and S2 classification.

As an alternative to the binomial TF transforms, EMD performs a multi-resolution analysis
of non-stationary and nonlinear signals without the use of kernels or mother waveforms. To
calculate the Intrinsic Mode Functions (IMFs), the local maxima and minima of extracted
heart sound Hi(t)are calculated. They are interpolated by using the cubic spline curves
which generates the upper and lower envelopes, respectively. Then the mean contour ma(t)
is calculated, and the first component hi(t) is given as follows:
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Iy (£) = Hy(t) — my (1) (10)
Now, hi1 has to be refined by a sifting process. In the second sifting iteration we obtain:
Ty (8) = hy () = my; (F) (11)

Where mu1 is an average contour between the upper and lower envelopes of hi. This
operation is repeated k times until /1 can be considered as zero-mean according to some
stopping criterion (Rilling et al., 2003). The first intrinsic mode function IMFi(t) is given as:

IME, () = Iy _y,(F) = 1y, () (12)

IMFi(t) should contain the finest scale or the shortest period component of the signal. The
residue signal 1(t) is given by:

r(t) = H(t) - IME(t) (13)

Considering r1 as a new signal the sifting process explained below is repeated to obtain the
second IMF:(t). Similarly, a series of intrinsic mode functions are obtained and the final
residue r«(t) is calculated. The stop criterion is when rx(t) becomes a monotonic function.

The initial signal Hi(t) can be reconstructed as follows:

H(t) = iIMF].(t) +7, (14)
j=1

For each IMF vector, the Shannon Energy is calculated as:

SE, = —i IMF?(k).log(IMF? (k) (15)
k=1

Where i=1,...,4 and N is the number of samples of IMFi the Shannon energy is smoothed by
using a median filter, and the feature vector is obtained by applying the same SVD approach
used in section 2.5.1 at each calculated IMF (Figure 6). For each extracted heart sound the
first four IMF is calculated. The others IMF don’t contain relevant information about S1 and
S2. Five feature vectors obtained by this method are tested in the classification process; FV1
(that correspond to IMF1 signal), FV2, FV3, FV4 and FV (that correspond to the average of
calculated FVs). The length of each vector is 10.

Fv1

Hi A
I 8
—»| EMD . vi—»
G
FV4
——P
IMF4 SE ¥ SVD [—P

Figure 6. Feature vector (FV) of Heart Sounds (Hi) extracted using EMD and Shannon Energy (SE)
before applying the SVD technique.
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3.6.3. New individual features

The parameters o and p used to optimize the width of the Gaussian window of the S-
Transform, are tested as a new individual features to discriminate between S1 and S2. It is
known from a physiological point of view, that S1 is more complicated than S2 [26].
However, S2 in general contain higher frequency than S1. These physiological differences
will necessarily lead to different time-frequency content behavior which we will aim to
reveal with @ and p parameters. Figure 7 shows a S1 and S2 signals examples with the
corresponding optimized S-transform obtained with a=0.8 and 0.5, respectively.
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Figure 7. S1 and S2 signals (top), Optimized S-transform obtained with a=0.8 for S1 and a=0.5 for S2
(bottom).

4. Results and discussion
4.1. Localization methods

The performance of the SBRF and the SSE methods was measured as the methods capacity
to locate S1 and S2 correctly. It was measured by sensitivity and positive predictive value:

TP

Sensitivity = ——— 16
ensitivity TP+ EN (16)
And positive predictive value:
PPV = _IP_ (17)
TP+ FP

A sound is true positive (TP) if it is correctly located, all others detected sounds are considered
as false positive (FP) and all missed sounds are considered as false negative (FN).

Results in Table 1 show that SRBF method reaches a higher PPV (98%) than the SSE method
for the clinical signals without any additive noise. However, SSE reaches a higher sensitivity
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(96%) than the SRBF method (92%). The supervised approach performed by the RBF block
in the SRBF method makes the extracted envelope more discriminative between the
different parts of the signal than the unsupervised SSE method. Therefore, it is not
surprising that the number of false detected sounds in the SRBF method is lower than the
SSE method, which also explains the PPV results. The same reasons can also account for the
false negative alarms which are higher in the SRBF method than the SSE method and which
gives a higher sensitivity to the SSE method. In the presence of an additive white Gaussian
noise, the performance of the SSE method is better with 93% sensitivity and 94% PPV. The
robustness of both methods against noise is very significant. This is due to the advantage of
performing a time-frequency analysis which makes methods more robust against noise.
Figure 8 shows the envelopes extracted by the SSE and the SRBF method that correspond to
a pathologic sound with a systolic murmur. Figure 9 shows the robustness of each method
against white additive noise.

Method Sensitivity PPV Sensitivity (Noise) PPV (Noise)
SRBF 92% 98% 91% 93%
SSE 96% 95% 93% 94%

Table 1. Sensitivity and Positive Predictive Values for the SRBF and SSE methods applied on the
clinical sounds set without and with additive Gaussian noise.

1 1
¢ 1 2 2 B = 5 ¢

Figure 8. Envelope extraction (dashed lines) for a signal with systolic murmur, (top) SRBF envelope,
(bottom) SSE envelope.
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Figure 9. (top) Envelope extraction for two normal PCG signal without and with additive Gaussian
noise, (middle) their SRBF envelopes, (bottom) their SSE envelopes.
4.2. Boundaries detection

The performance measure against each parameter is compared (Table2). The values of @ and
p are chosen from a set; 0 <a< 2, 0<p<2, with a step of 0.1; so twenty values as total for each

variable.
Heart Sounds | Optimal a CM(a) Optimal p CM(p) CM(a =1, p=1)
S1 0.82+0.45 | 0.0185+0.0017 1.1+0.5 0.0186+0.0018 | 0.0177+0.0015
S2 0.55+0.3 | 0.0186+0.0015 | 1.37+0.5 | 0.0186+0.0018 | 0.0175+0.0014
Total 0.68+0.37 | 0.0185+0.0016 | 1.23x0.5 | 0.0186+0.0018 | 0.0176+0.0015

Table 2. Performance measure given by the maximum values of CM (a) and CM (p) for a given
parameters set of & and p, respectively.

The optimal a is reached when CM(a) is maximized, and the optimal p is reached when CM
(p) is maximized. Results from Table 2 show that there are no significant differences
between the two parameters a and p concerning the performance measure. However, results
show an important difference between optimized concentration measure and standard
concentration that correspond to the standard S-transform with a=1 and p=1. The maximum
values of concentration measures CM (@) and CM (p), that corresponds to the optimum «
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and p, respectively, are obtained with @ <1 and p>1. This is can be explained by the fact that
when a<1 and p>1, the Gaussian window of the S-transform is narrower (Figure 10), which
improves the detection of the sudden changes in the signal, like the onset and the ending of
the first and the second heart sounds. However, when a window is narrower in time
domain, we loss in term of frequency resolution. The compromise is performed by the
optimization process that operates on the variable that control the variance of the Gaussian
window, a or p for example. The criterion of the performance is the concentration energy
measure. The enhancement of energy concentration in the TF domain, influence clearly on
the boundaries estimation results (Table 3).

rshb A

r.arrshse
- 3
'

Figure 10. Normalized Gaussian window for different values of p (left) and for different values of a
(right).

Method S1(ms) S1(Noise) S2(ms) S2 (Noise)
SSE 122.4+7.2 127.849.6 95.2+8.3 101.247.4
OSSE 110.7+4.32 113.6+6.5 69.1+5.4 77.9+8.2
Reference 105.8+6 74.8+5.65

Table 3. S1 and S2 durations (ms) estimated by the SSE and OSSE methods with and without additive
noise.

The “Reference” row in Table 3 represents the manual measures made by the cardiologists
by using the software stetho developed under the license of Alcatel-Lucent. Results show
the efficiency of optimizing the energy concentration of the S-transform in order to estimate
more realistic boundaries for S1 and S2. Measures obtained by the SSE algorithm (without
optimizing the S-transform) are always higher than the results given by the OSSE algorithm
where an optimization process is performed. This is not surprising since the OSSE algorithm
has a better energy concentration in the TF domain, which minimizes the spread of the
energy beyond the S1 and the S2. Figure 11 shows the boundaries detection results, with
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and without optimization of the S-transform, applied on a S2 example and figure 12 shows
the OSSE results applied on the entire heart sounds (normal and pathologic).
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Figure 11. (top) S2 signal with two detected boundaries calculated by the optimized S-transform and
the standard S-transform (dashed line), S-transform with the optimum value a=0.5 (p=1), standard S-
transform with a=1 (p=1), (bottom) SSE envelope for the optimized S-transform and standard S-
transform (dashed line).
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Figure 12. OSSE method applied on a normal heart sound (top) and pathological heart sound (bottom).
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4.3. Feature extraction for S1 and S2 classification

4.3.1. Evaluating the feature vectors obtained by the SVD technique

The localization of heart sounds is established by using the SSE method. The boundaries of
the heart sounds are determined by the OSSE algorithm. The results were visually inspected
by a cardiologist and erroneously extracted heart sounds were excluded from the study. The
feature extraction process extracts a feature vector per extracted sound Si (S1 or S2) and each
of these vectors is averaged across available extracted sounds from each subject. So from
each subject in the database, we obtain one S1 feature vector and one S2 feature vector to use
in the training and classification process.

A 3-Neirest Neighbor (KNN) classifier is used to evaluate the performance of the four
feature vectors obtained by the two methods and the 5-fold approach is used for cross
validation. The choice of KNN classifier was based on its simplicity of and its robustness to
a noisy training data.

The time domain feature vector reaches 92% classification rate, however, the frequency
feature vector reaches 85% classification rate (81% sensitivity and 88% specificity). The
Time-Frequency vector (TF Features) reaches the higher classification rate with 95%
sensitivity and 97% specificity. The singular values are almost indistinguishable from each
other and it is shown by the low classification rate for the SV features. For the EMD based
method, the FV feature vector reaches a high classification rate with 94% sensitivity and 97%
specificity (Table4).

T- \Y TF

KNN F-Features 5 Fvl | FV2 | FV3 | FV4 | FV
Features Features | Features

Sensitivity 92% 81% 60% 95% 88% | 81% | 82% | 65% | 94%

Specificity 92% 88% 65% 97% 91% | 97% | 94% | 95% | 97%

Table 4. Sensitivity and specificity for the nine extracted feature vectors evaluated by a KNN classifier.

In most cases seen in the medical field, S2 has a higher frequency than S1. This is due to the
fact that S2 is the heart sound associated with the closure of the aortic valve in a context of
high left ventricular pressure, the mitral closing occurring at low left ventricular pressure
(S1). However, this criterion cannot be generalized on all real life cases because some
medical conditions are characterized by S2 frequency content lower than S1 frequency
content. Hence, the importance of time-frequency and multi-resolution based features
approach, especially in a generic module, which can explain the high performance obtained
with the TF and FV features vectors.

4.3.2. Evaluating o and p to discriminate S1 and S2

The parameters used in the optimization process (section 3.3.2) to determine the boundaries
of each extracted sound Si (S1 or S2) are averaged across available extracted sounds from
each subject. So from each subject in the database, we obtain one S1 feature (a or p) and one
S2 feature (a or p).
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The main objective is to investigate the ability of these features to discriminate between S1
and S2. The probability that the two groups (S1 and S2) comes from distributions with
different medians is calculated for each feature (@ and p) by the Mann-Whitney-U-test
(p<0.005). The receiver Operating Characteristic Curve (ROC) is also calculated for each
feature and the Areas under the ROC Curve (AUC) are showed in figure 13.

The Results are presented in Table 5. Significant differences between the groups, with 95%
confidence are found for both features a and p.

Feature p-value AUC Sensitivity Specificity
a <0.0001 0.83 0.79 0.72
) 0.0047 0.64 0.609 0.671

Table 5. Significant values (U-test), AUC values, sensitivity and specificity for the parameters « and p
when used to distinguished between S1 and S2.

1

oat P

Yy
os} P
y L
o7t ! L /
/ -~

€ 05 / -~ S

Senstraty
s o
= L]
-
~
e

/
¢
o3t -
! /
I

oz :j'r; e —— Alpha
,,,1_;*/ ----- p
‘I’
g . . . .
0 02 04 06 oA |

1-8pecificity

Figure 13. ROC curves for « and p parameters.

The classification results are promising for the parameter & (AUC =0.83). This is very
interesting since this parameter was also used to refine the boundaries detection of 51 and
52. However, the results of the parameter p are significantly lower than the results of «
(AUC =0.64). This gives a primary idea about the sensitivity of each parameter against the
clinical signals. Further measures and tests should verify or deny this hypothesis.

5. Future research
5.1. Classification of heart sounds

A new time-frequency based feature is proposed and validated to distinguish with S1 and
52 (Section 4.3.2). Another parameter can be tested by applying another windows type at the
S-transform like the arbitrary and varying shape window [13]. A combination of several
features can also be used to classify S1 and S2 more accurately. This can be performed by
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combining the a parameter with the TF_Features vector (see section 4.3.1). Then a feature
selection algorithm becomes necessary to select the most accurate features.

On another hand, the classification of normal and pathological heart sounds is the final
objective of any heart sounds auto-diagnosis framework. The classification rate will depend
first on the segmentation results, which was the main objective of this book chapter. Then
classic steps of feature extraction, feature selection, designing and testing classification
systems, will be needed to complete the classification process

5.2. Real time application

One of the objectives of this study is to develop an auto diagnosis for various situations
encountered in cardiology in real time. However, the S-Transform that can be considered as
the heart of the proposed segmentation framework, suffers from a high computational burden.
The implementation of a fast S-Transform algorithm on FPGA or GPU card will be necessary.

5.3. Sociological and psychological aspect

Introducing a smart stethoscope as a monitoring tool for home use, involves new problems
related to sociological and psychological aspect of the user (patient). A smart stethoscope is a
tool to facilitate the diagnosis process and to make it more objective and it will never replace
the cardiologist and other advanced techniques of Cardiology. This should be taken into
consideration in the deployment process in a telemedicine framework for example. The
ergonomic aspect of the measuring instrument, the way to display the data and to transmit it,
will be more than necessary elements to any future tool, simple for home use by the general
public for the purpose of auto-diagnosis, monitoring and warning in case of necessity.

6. Conclusion

In this book chapter, a robust module for heart sounds segmentation has been proposed.
The module is divided into three blocks; localization, boundaries detection, and
classification of heart sounds (S1 and S2). Several methods are proposed during this study:

- A heart sounds localization method based on the S-transform and Shannon Energy,
named SSE, is proposed and evaluated against white additive Gaussian noise.

- A method for boundaries detection named OSSE is proposed. It is based on an
optimization process for the energy concentration in the TF domain provided by the S-
transform.

- A feature extraction methods based on Singular Value Decomposition (SVD) technique
to distinguish between S1 and S2 are examined. The parameters used in the time-
frequency optimization process to determine the boundaries of each extracted sound
are also investigated and validated as discriminative features between S1 and S2.

Dividing the proposed segmentation method into three separate blocks, enable us to
perform a targeted optimization at each level. This confers the feature of robustness to the
proposed module, which is a more than necessary element to any auto-diagnosis module
applicable in real life conditions.
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The main objective of this study is to present a robust and generic PCG segmentation
method useful in real life conditions (clinical use, home care, professional use ...). The
methods in the proposed framework are evaluated on a real data (80 subjects) with different
noise levels and they are validated by the cardiologist.

More robustness tests against noisy signals, algorithms complexity, facility of
implementation and more signals, would contribute to optimize the proposed module.
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