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Foreword

Knowledge Management: Stand Hereto View the
Landscape

In 1818, the then Surgeon-General of the US Army, Joseph Lovell, directed each
army surgeon attached to a military fort, camp, or detachment throughout the
country to "... keep a diary of the weather ... " and to note "... everything of
importance relating to the medical topography of his station, the climate [and]
diseases prevalent in the vicinity ... " [1, p. 209].1 All over the US, including the
most remote frontier territories, Army medical personnel were engaged in a huge,
distributed project to obtain information about local weather conditions, and to
pool this information in order, as a latter-day commentator has said, "to learn
about climate effects on disease" [2]2.

This might well be thought of as an early example of knowledge management in
health, but it is far from the first. Indeed, although the term "knowledge manage
ment" may be relatively new and unfamiliar in the field of health, as the chapters
in this book so clearly show, the basic practices to which it refers are as old as
healthcare itself. Since time immemorial, doctors and other practitioners have
collected and shared information about their healing practices, about specific ill
nesses and medicines, and about their patients, both as individuals and as groups
or communities.

However, while it may be inappropriate to assume that knowledge manage
ment in health care has no precedent (because, clearly, it has important historical
antecedents), it would be equally incorrect to see the current wave of technologi
cally supported knowledge management as nothing more than an extension of past
practices. In reality, modem technologies are providing clinicians, administrators,
leaders, and patients with unimaginable amounts of information of unprecedented

I Smart, C. (1893). The Connection of the Army Medical Department with the Development
of Meteorology in the United States, U.S. Weather Bureau Bulletin 11, pp. 207-16.
2 Conner, G. (1995). Kentucky Climate Center Fact Sheet: Newport Barracks. Available
online at http://kyclim.wku.edu/factsheets/newport_barr/ [accessed 28 May 2002].
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complexity. So,this bookperformsthe unusualbutmuchneededroleof reminding
us that knowledge management has a long history in health, while arguing that
recentdevelopments and advances are truly novel and ground breaking.

As with any anthologyor editedcollectionof essays, there are differences here
in the focus, style, and tone of the individual chapters. Nevertheless, collectively
they provide a distinctive (even unique) windowonto a significant and emerging
field of practice and research, and bring together in one place a diverse range of
perspectives.

While there are severaldifferent conceptual models and definitions of knowl
edge management offered by the various authors, they all share the view that it
is a more or less formal process of gathering,analyzing, and sharing information
and insightsbasedon healthdata that havebeen collectedin variouswaysfor var
ious purposes. Because of its elegance, simplicityand prima facie plausibility, a
particularly usefultypologyis that proposedby Frize,Walker, and Catley, whoar
gue that knowledge management comprisesfourmajorelements: access to quality
clinicaldata;knowledge discovery; knowledge translation; and,finally, knowledge
integration and sharing. To a greater or lesser extent, something like this seems
to underpin virtuallyall the chapters,althoughmany of them are concerned with
how this process has been affectedby the development and widespread adoption
of advancedinformation and communication technologies.

The first striking feature of this collection is the realization that knowledge
management has a longandnoblehistory in healthcare, albeit less formalized and
lesssystematic in bygoneyears.As thesechaptersso ablydemonstrate, knowledge
management in thesenseof sharinginformation andstorieshasbeena fundamental
part of medicalpractice since the verybeginning. Whileone might tend to thinkof
knowledge management as largelyor even. exclusively a productof the widespread
use of technologies, doctors and clinicianshave alwaysmade notes for their own
purposes,as well as sharinginformation witheach other,with administrators, and
even with their patients.

While some of the chapters emphasizethese softer (evenpoetic and narrative)
aspects of healthcare and healing, and in particular the sharing of stories which
are the prototypeof knowledge management, others take a more overtlytechnical
point of view, emphasizing the way in which technologies are simultaneously in
creasingthe complexity of information collected,and at the same time enhancing
people's capacityto utilize the dramatically greater amountsof information avail
able. One theme in several chapters is howpatients and clinicians makesenseof
the information that is collected,and harmonizeit with their existingor emerging
understandings and views.

Linkedwiththis,at leastoneof thechaptersdealswiththe intriguing questionof
whether, or howwell, technologies mapontothebasicdynamics ofboththeclinical
interaction and the diagnostic thought processes of clinicians. Not unexpectedly,
the more naturalistic and less intrusive approaches are preferred.

Relatedto this is thecomplex reciprocal relationship developing between health
care and technology, where advances in one are calling forth developments in
the other in a constantly repeated cycle of action and reaction. With the rapidly
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expanding amount and complexity of information, combined with the national and
even international mobility of people along with their health conditions, technol
ogy is evolving in tandem with the problems it is seeking to manage.

A distinctive feature of much healthcare as it has evolved over the centuries
has been the specialization of clinical practice and the consequent fragmentation
of the care pathway from the patient's point of view. At its most basic, there are
already two sets of data and two sets of perceptions: those of the clinician and the
patient. But even relatively straightforward healthcare often involves information
being distributed between patients, clinicians, local surgeries, and pharmacies; and
as the case complexity increases, it is not long before specialists, hospitals, testing
services, insurers, and others all have information and knowledge about individual
cases. One of the challenges for knowledge management, and accordingly one of
the themes in this book, is how to deal with the separation ofaspectsofhealthcare
and the distributed natureofknowledge about individual patients.

Clearly, this poses significant logistical problems (having all the information
needed in the same place at the right time), but it also raises important ques
tions about making sense of information collected in different ways and presented
in diverse formats using a variety of professional protocols. Accordingly, some
chapters are concerned with the harmonization and standardizations of informa
tion, including technical interoperability and establishment ofstandards between
local, regional, national, and international systems.

The very fact that so much information is so readily available in so many differ
ent forms inevitably raises concerns that some of this information could fall into
the wrong hands or be used for inappropriate purposes. Accordingly, an impor
tant theme within the book is the interweaving of ethical, legal, and technological
strands to ensure that the privacy of individual patients, families, or communities
is not compromised, and that the confidentiality of their data is respected. It is
instructive and reassuring that those interested in promoting knowledge manage
ment are concerned with the welfare of patients, protecting and respecting their
rights to confidentiality, while ensuring that information is available to improve
clinical practice and, where appropriate, organizational and systemic efficacy.

One of the benefits of knowledge management, in particular the recent advances
in the application of technologies, is the way in which they amplifythe capacityof
people to deal withhugeamountsofinformation, and to interpret or discern trends
that might otherwise be invisible. These trends can be at the micro level-looking
for the relationship between various symptoms in a single patient-right through
to the macro or epidemiological level, where trends in an entire community or
population can be spotted more easily than hitherto.

Linked to this is the empowerment ofindividual clinicalpractitioners, who can
often operate in silos with consequent feelings of isolation or even alienation. The
disciplines of knowledge management, combined with the increasingly available
technologies to support them, can have a transformative effect on how informa
tion, experience,' and insights are combined, compared, and shared in ways not
previously encountered. This, in tum, can enhance individual as well as organiza
tional effectiveness, and allow individual practitioners to feel part of a distributed
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community of practice. It can also act as a powerful incentive to continuing learn
ing, as well as providing access to information and resources using essentially the
same infrastructure used to capture and store information.

At first sight, knowledge management might seem to be a rather dry, technical
aspect of healthcare, with little to offer in the way of fresh insights into clinical
practice. However, as this remarkable book demonstrates, it is in fact a prism
through which otheraspectsofmedicine and healthcare can be viewed. Ranging
as it does from traditional healing to the most advanced and sophisticated uses
of knowledge, technology, and therapies, it also touches on those most basic and
primal of shared values: the sanctity of life, the preservation of health, and the
importance of communication with others. It provides a fascinating insight into
how clinicians conduct their work, how they relate to patients, and how they
improve their practice.

If knowledge management is simultaneously a time-honored practice and an
emerging field of study, it is likely that this book will come to be seen as a landmark
in the complex topographies of knowledge management on the one hand and of
healthcare ontheotherhand. The fact that the authors come from so many different
countries underscores the international nature of the phenomenon; the fact that they
approach the topic from such different perspectives emphasizes its breadth. Those
who are concerned that the management of knowledge in healthcare settings is
being dominated by experts (clinicians, administrators, health economists, and
policy makers) will be heartened to find in the collection thoughtful essays about
the need for a balanced approach, including sharing information with those about
whom the records are being kept and shared. And those who are worried about
what they see as the excessive technologization of health, should be encouraged to
read about human aspects of knowledge management: how doctors, patients, and
administrators make sense of the complex array of information they both produce
and acquire from others.

The practice of medicine, and more generally the provision of healthcare,
touches on everyone and is a near-universal practice shared by humanity the world
over. This book makes a timely, significant, and valuable contribution to ensuring
that the quality of that healthcare continues to improve for everyone.

Philip C. Candy, PhD
Director of Education, Training and Dev.elopment

National Health Service "Connecting for Health," UK
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Preface

Information is not knowledge.
-ALBERT EINSTEIN

Advances in information technology (IT), particularly in (a) database technolo
gies and (b) Internet technologies and telecommunications, have brought about
fundamental changes throughout the healthcare process [1,2] and, consequently,
are transforming the healthcare industry [3-6]. These modem developments in
IT have enabled a number of countries to implement a national electronic patient
record (EPR) system by linking their existing healthcare information systems [7
12]. For example, in the UK, the main current objective of the National Health
Service (NHS) is to ensure that the medical records of all its residents are available
electronically [8,11,13,14]. The NHS aims to provide relevant healthcare stake
holders access to EPR data in order to improve clinical efficiency. Moreover, the
NHS aims to empower patients by giving them access to their own EPR. This em
phasis put on the EPR system can be gauged by the fact that the NHS has invested
about US$ 10.80 billion in EPR and other related technologies [15].

The change process undergone is not limited to Europe alone, as confirmed by
research which stated that, in the period 1997-2000, 85% of healthcare organiza
tions have undergone some sort of transformation [16]. It would be fair to state that
a significant focus of the transformation of the healthcare sector from a techno
logical perspective has been on the manner in which patient records are accessed
during the process of medical diagnosis and treatment.

However, in the last two decades, the synergistic interaction between the biomed
ical knowledge and genetic engineering revolutions is further transforming the
healthcare sector and is simultaneously also creating an information explosion in
healthcare. Advances in modem-day genetic sciences have increased the number of
potential drug compositions from a mere 400 to over 4000 [17]. This has happened
despite the fact that the rate of adoption of computer applications in healthcare is
slower in comparison with other industries [18].

Perhaps the biggest tragedy in the history of modem science was the fact that the
announcement regarding the completion of the Human Genome project (mapping
the entire human genetic code) did not create any significant ripples in the minds

xi
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of healthcare decision makers and academics, nor did it propel a new wave of
healthcare discoveries [19]. We hypothesize that this situation is not likely to
prevailfor very long.The impactof the completionof the HumanGenomeproject
will profoundly change the concept of healthcare itself within the next 25 years
[19], as physiciansmove away from the germ theory of disease to genetics.

An indicatorof the impactof the biomedicalknowledgeandgeneticengineering
revolutions on healthcare is .the exponential increase in biomedical knowledge
in the National Library of Medicine's Medline database (4500 journals in 30
languages,dating from 1996)of publishedliterature in health-relatedsciences. In
2002, Medline contained 11.7 million citations and, on average, about 400,000
new entries were being added per year [20]. If a typical modem-day healthcare
stakeholder, who wanted to get updated with the current literature, was to read
one article a day, it would take him or her 1100years to get updated with the new
literature added every year.

The calculationsabove ignore the existing literature levelof 11.7million items
and also ignorethe projectedincreasein the growthof newresearch.It is judicious
to assume that not all of the literaturewouldbe of relevanceto a particularhealth
care stakeholder. If we assumethat about 1% of the newliteratureaddedeveryyear
is of relevanceto a healthcarestakeholder, then it wouldstill take a stakeholder10
years (reading an average of one article a day) to be updated with the healthcare
advancesof 1 year. This informationexplosion is further compoundedby the fact
that biomedical literature is doublingevery 19 years.

Wecontend that if the impact of the above is seen together, then the conclusion
from a healthcare informatics perspective is clear. Twenty-first century clinical
practitioners have to acquire proficiency in understanding and interpreting clini
cal information so as to attain knowledge and wisdom whilst dealing with large
amounts of clinical data-clinical data that will be dynamic in nature and would
call for theabilityto interpretcontext-basedhealthcareinformation, Thischallenge
cannot be met by an IT-ledsolution.The solutionhas to come from a domain that
supports all three integral healthcare system components (i.e. people, processes,
and technology) of the future. There is only one such domain: the knowledge
managementparadigm.

The purpose of this book is to contribute to the buildingof a healthcareknowl
edgemanagementparadigmandfacilitatecriticalthinkinginhealthcareknowledge
management. This bookdoes this by bringingtogetherhealthcareknowledgeman
agement theorists and practitioners so as to allow them not only to identify and
discusskeyissuesfor researchin healthcareknowledgemanagement,butalsoto al
lowothers interestedin healthcareknowledgemanagementto acquireinformation
and knowledgefrom the experiencesand thinkingdocumented in this book.

Organization of the Book

Section I (Healthcare Knowledge Management: Innovations and New
Understanding) has five chapters which present the case for incorporating
knowledge management concepts in healthcare. This section also looks at how
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knowledge managementconcepts can be applied to the healthcare sector. Chap
ter 1 (Building New Healthcare Management Paradigms: A Case for Healthcare
Knowledge Management) by Dwivedi, Bali, and Naguibbeginsthis sectionof five
chaptersand investigates whythecomingof age of healthcareknowledge manage
ment is essentialif the healthcaresectoris to overcomeitschallenges. This chapter
discusses in detail the information management challenges facing the healthcare
industryandarguesthat the inabilityofexistinghealthcaremanagementparadigms
to tackle the information explosionin healthcare (in conjunctionwith the coming
of age of knowledge management) is an ideal opportunity for healthcare knowl
edge management to present its case for alleviating the information challenges
facing the healthcare industry.

Chapter 2 (Clinical Knowledge Management: A Model For Primary Care) by
de Lusignanand Robinsonargues that opportunities for the applicationof knowl
edge management to primary care have grown in the last two decades due to
the widespread implementation of information and communication technologies
(ICT).They argue that, owing to the extensiveimplementation of ICT,the health
care process (particularly relating to medical record-keeping and requirements to
audit quality standards)has undergone drastic changes.The authors further argue
that future healthcare knowledge management models need to take into account
the unique nature of the primary care speciality and propose a novel knowledge
managementmodel for primary care.

Chapter 3 (Role ofInformation Professionals as Intermediaries for Knowledge
Management in Evidence-Based Healthcare) by Fennessyand Bursteindescribes
the challengesassociatedwith the implementation of knowledge managementfor
evidence-based healthcareand, in particular, reflectson the role of intermediaries
in meeting the information needs of healthcare professionals. They describe a
study which investigated how the objectives of evidence-based medicinecould be
enhancedby healthcareknowledge managementconcepts.

Chapter 4 (Healthcare Knowledge Management and Information Technology:
A Systems Understanding) by Chowdhury examines why healthcare knowledge
managementhas developedintoa topicalfieldof investigation. The chapterargues
that although it is easy to become mesmerizedby IT in knowledge management,
it is the consideration of the wider organizational, political, and socio-cultural
dimensions that can enable any information system and any knowledge manage
ment strategy to work effectively. The author discusses why concentrating solely
on IT will mean adoptinga one-sidedviewof healthcareknowledge management
and presents an argumentin favor of a systems understanding of the role of IT in
healt.hcare knowledge management.

Finally in this section,Chapter5 (Medical Technology Management in Hospital
Certification in Mexico) by Posadas looks at how certification of standardscan be
appliedin the healthcaresector. The authordescribesseveral projectsdeveloped in
differenthospitals(publicand private)with differenthealth levels in MexicoCity,
with each of them contributing to the certification of different clinical processes.
The evolution of the NMX-CC standards family, the Mexican equivalent of the
ISO 9000 standards family, is explained, together with the need for knowledge
sharing.
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Section II (Approaches, Frameworks, and Techniques for Healthcare Knowl
edge Management) consists of seven chapters which present novel approaches,
frameworks, and techniques for healthcare knowledge management. Chapter 6
(Healthcare Knowledge Sharing: Purpose, Practices, and Prospects) by Abidi
envisages an ideal healthcare knowledge management environment and how this
could be created using a novel healthcare knowledge-sharing framework.

Chapter 7 (Healthcare Knowledge Management: Incorporating the Tools, Tech
nologies, Strategies, and Process of Knowledge Management to Effect Superior
Healthcare Delivery) by Wickramasinghe and von Lubitz emphasizes the need
to take a knowledge management perspective for improving efficiency in health
care delivery. The author argues that, given the voluminous nature of healthcare
databases and repositories, IT-led systems are essential to ensure that there is
access to relevant information when required. It is elaborated that it is possible
to create such an environment by integrating healthcare knowledge management
intelligence continuum concepts. The work is supported by a case study example.

Chapter 8 (The Hidden Power of SocialNetworks and Knowledge Sharing in
Healthcare) by Liebowitz highlights that the healthcare industry is a knowledge
based service. As such, specialized knowledge resides in healthcare providers,
professionals, and staff in many areas. It is explained that, owing to the impact of
a "graying" workforce within the healthcare sector, workforce development and
succession planning issues will be increasingly important to healthcare organiza
tions. It is argued that, in the future, the ability to integrate, share, and disseminate
knowledge across functional silos in healthcare organizations will continue to re
main a challenge. It is submitted that social network analysis and knowledge audits
can be combined to provide a solution to this problem by providing mechanisms
for locating knowledge flows and gaps in organizations in the healthcare field.

Chapter 9 (Constructing Healthcare Knowledge) by Zhu continues the socio
logical stream of thought on healthcare knowledge management. It is postulated
that healthcare knowledge is socially constructed and the management of it is es
sentially context specific. There are constructive processes via which concerned
actors interact with each other so as to accomplish socio-cognitive changes.

Chapter 10 (Narratives in Healthcare) by Lee and Foo discusses how hospitals
can effectively deal with many of the problems associated with scheduling and
overcrowding, and improve the quality of care through the use of automated pa
tient management systems. In this chapter, narrative is defined and three lenses
(organizational narratives, illness narratives, and practice of narrative medicine)
through which the role of narratives in healthcare can be elucidated are discussed.

Chapter 11 (Application Service Provider Technology in the Healthcare En
vironment) brings about a shift (from sociological influences to technological
influences) in the stream of healthcare knowledge management thought. Cruz,
Rodriguez, Barr, and Sanchez note that the widespread use of software tools in a
healthcare setting has the requirement (both from productivity and efficiency leg
islative points of view) of standardizing requirements of information management
software tools and looks at how application service provider technology can assist
healthcare stakeholders in this context.
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Chapter 12 (Secured Electronic Patient Records Content Exploitation) by
Puentes, Coatrieux, and Lecornu emphasizes the need for providing secure in
formation security to multimedia electronic patient records. The authors describe
the structure and protection strategy of a novel secured specialized electronic pa
tient record which allows fir the exchange of multimedia medical data.

Section III (HealthcareKnowledge Management Implementations: Evidence
from Practice) consists of five chapters and builds upon the preceding sections
and presents lessons from current and previous healthcare knowledge management
implementations. Chapter 13 (Knowledge Management and the National Health
ServiceinEngland)by De Bnin starts the section with a chapter on the application
of healthcare knowledge management, with a particular focus on the NHS in
England. A number of examples where knowledge management initiatives have
been successfully applied to support clinical decision making and improve patient
safety are discussed.

Chapter 14 (Knowledge Management and the National Health Service in
Scotland) by Harding and Wales provides a discussion on the advances made
in terms of developing the NHS in Scotland (NHSiS) as a knowledge-based orga
nization and presents a brief case study of one such NHSiS healthcare knowledge
management project: the National Pathways Project.

Chapter 15 (Knowledge Management for Primary Healthcare Services) by
Eardley and Czerwinski examines the characteristics of UK-based healthcare or
ganizations. The chapter argues that the concept of healthcare knowledge manage
ment is a viable concept and, in support of this hypothesis, presents an analysis
of a number of knowledge management initiatives (Le. the National Electronic
Library for Health and the Map of Medicine' ").

Chapter 16 (We Haven't Gota Plan, so WhatCanGo Wrong? Where is theNHS
Coming from?) by Copper takes into account organizational issues surrounding
the NHS in the UK and its implication for the service in terms of its development
as a knowledge-based organization.

Chapter 17 (Healthcare Knowledge Management: Knowledge Management in
the Perinatal Care Environment) by Prize, Walker, and Catley concludes this sec
tion and the book. The authors describe how knowledge management can be ap
plied in the perinatal care environment to facilitate clinical decision support.

We have managed to solicit chapters from countries as diverse as France, Japan,
Cuba, Mexico, Australia, Scotland, Singapore, the USA, and the UK, which we
hope validates the coming of age of healthcare knowledge management. We trust
that academics, clinical and nonclinical practitioners, managers, and students will
find issues of interest and value in the ensuing pages.

Rajeev K. Bali, PhD
Coventry University, UK

Ashisb N. Dwivedi, PhD
Hull University, UK

January 2006
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1
Building New Healthcare
Management Paradigms: A Case for
Healthcare Knowledge Management

A.N. DWNEDI, R.K. BALI AND R.N.G. NAGUIB

Abstract

Advances in information technology have made it possible for medical stake
holders to have access to almost all existing health information available. How
ever, as a result of these advances, physicians, and other medical stakeholders
are facing an information overload and, in some cases, paradoxical information.
This chapter presents evidence that (a) highlights the extent of the information
explosion in healthcare and (b) elucidates the extent to which the information
explosion in healthcare is adversely affecting the ability of medical stakeholders
in the process of medical diagnosis and treatment. This chapter then discusses
the concept of knowledge management (KM) as applicable to the healthcare sec
tor (i.e, healthcare KM and clinical KM). Finally, this chapter presents a case
for the incorporation of the KM paradigm as the driving force in the healthcare
sector.

1.1 The Role of Information Technology in Health

Technology strongly influences the way we work and is creating opportunities
and new demands for a range of different approaches to health [1]. Telecommuni
cations have evolved and have been accompanied by an evolution in attitudes to
information and communications technologies [2]. Technology-led change opens
up opportunities for new working methods in three main ways, namely by allowing
existing activities to be carried out more rapidly, with more consistency, and at a
lower cost than could previously be achieved.

Today, the explosive growth of the Internet has promoted the trend for investment
in information and communication devices, and the healthcare industry is an active
participant in this trend [3]. Advances in information technology (IT), particularly
in (a) database technologies and (b) Internet technologies and telecommunications,
are transforming the healthcare industry [4-6]. Advances in portal devices such as
smart mobile phones and PDAs [7,8], as well as in communications technologies

3
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such as the Universal Mobile Telecommunications System (UMTS) and Digital
Video Broadcasting (DVB-T), are promoting the Internet as the standard commu
nication medium between medical practitioners and patients.

These modem developments in IT have enabled a number of countries to imple
ment a national Electronic Health Record (EHR) by linking their existing Health
care Information Systems [9-17]. It would be fair to state that advances in commu
nications technology are dramatically changing the delivery of healthcare services
[18].

1.2 Impact of Information Technology on Healthcare,
Particularly in the Process of Medical Diagnosis
and Treatment

Exchanging medical information between different medical information systems
is an accepted norm for hospitals and medical practitioners all over the world. As
mentioned in the preceding section, advances in IT have made it easier for medical
stakeholders to share information. However, despite creating a technological in
frastructure for sharing medical information, most medical stakeholders are facing
an information explosion.

Medical stakeholders have to deal with over "10,000 known diseases, 3,000
drugs, 1,100 lab tests, 300 radiology procedures, 1,000 new drugs and biotech
nology medicines in development and 2,000 individual risk factors" [19]. This
situation is further aggravated by advances in hardware technologies which
are further accentuating this information overload in healthcare. For example,
"Organ and tissue scanning speed is doubling every 26 months, making tests
both faster and cheaper .... Image resolution is doubling every 12 months"
[19].

Advances in modem-day genetic sciences are acting as a key driving force
behind the development of pharmaceutical drugs and have augmented the number
of potential drug compositions from a meager 400 to over 4,000 in a very short
time span [19]. This is validated by another study (by Egger) in which it has been
estimated that, in the near future, new pharmaceutical compounds could replace
50% of today's in-patient services [20].

Medical stakeholders, apart from dealing with the impact of advances in hard
ware technologies and genetic sciences, also have to deal with information overload
caused by advances in biomedical knowledge.

A marker of the impact of the biomedical knowledge and genetic engineering
revolutions on healthcare is the exponential increase in biomedical knowledge in
the National Library of Medicine's Medline database (4500 journals in 30 lan
guages, dating from 1996) of published literature in health-related sciences. In
2002, Medline contained 11.7 million citations and, on average, about 400,000
new entries were being added per year [20]. If a typical modem-day healthcare
stakeholder who wanted to get updated with this amount of current literature was
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to read one article a day, then it would take 1100 years to get updated with the new
literature added every year.

The calculations above ignore the existing literature level of 11.7 million and
also ignore the projected increase in the growth of new research. It is prudent to
assume that not all the literature would be of relevance to a particular healthcare
stakeholder. If we assume that about 1% of the new literature added every year
is of relevance to a healthcare stakeholder, then it would still take a stakeholder
10 years (reading an average of one article a day) to be updated with the healthcare
advances of 1 year. The above statistics validate the contention put forth by this
chapter, that the healthcare industry is information intensive and immediately
requires a resolution to the problem of information overload, a point supported by
other studies [21-25].

It is argued that it is no longer possible for medical stakeholders to possess all the
pertinent knowledge in their domain of specialty [19,26]. This notion is confirmed
by Masys [20], who notes that

against a background of an explosively growing body of knowledge in the health sciences
current models of clinical decision making by autonomous practitioners, relying upon their
memory and personal experience, will be inadequate for effective twenty-first-century health
care delivery.

1.3 Healthcare Knowledge Management: Solution
to Medical Stakeholders' Informatics Woes

The healthcare sector has witnessed the incorporation of many management
paradigms that were supposed to alleviate the information explosion in health
care; in practice, though, none of them has been successful [27]. The failure of
existing healthcare management concepts to tackle the information overload in
healthcare has strengthened the case for incorporating the knowledge manage
ment (KM) paradigm in healthcare [28-31].

KM is often regarded as an interdisciplinary management paradigm which looks
at the entire spectrum of knowledge activities (knowledge creation, identification,
codification, and dissemination) [32]. Owing to this wide-ranging remit, there is
no universally accepted definition of KM [33]. Almost all the definitions of KM
state that it is a multidisciplinary paradigm [34] and that the main aim behind
any strategy of KM is to ensure that knowledge workers have access to the right
knowledge, to the right place, at the right time [35].

Though many definitions of KM have been proposed, we would like to adopt
the definition of healthcare KM (i.e, KM defined in a healthcare context) proposed
by Wickramasinghe [36]:

KM is a discipline that promotes an integrated approach to identifying, managing, and
sharing all of an enterprise's information assets, including database, documents, policies
and procedures, as well as unarticulated expertise and experience resident in individual
workers.
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KM Process KM Technologies

FIGURE 1.1. The KM cycle (modified from Skyrme[37]).

The entire spectrum of KM activities has been documented by Skyrme [37]; see
Figure 1.1.

1.4 Healthcare Knowledge Management and Clinical
Knowledge Management: An Overview

We would like to make the distinction between clinical KM and healthcare KM
by arguing that the prime objective of clinical KM systems is to enable medical
stakeholders to define, select, and implement treatment(s) within the process of
medical diagnosis and treatment, whereas the objective of healthcare KM systems
is to change the way that medical stakeholders think about patients and their needs
and treatments.

Healthcare KM systems is a much broader concept and is primarily concerned
with how medical 'stakeholders perceive, process, and communicate information
flowing from activities relating to medical practice, medical education, medical
research, and medical information dissemination

In order to assist healthcare KM in overcoming the information challenges
facing the healthcare sector, it is important to .look at why previous healthcare
management paradigms have not succeeded. We would argue that the main reason
for the failure of previous healthcare management paradigms can be traced to the
inability to combine healthcare organizational processes with technology.

An ideal starting point in support of our argument is to obtain a better under
standing of the theoretical propositions underpinning the nature of knowledge.
There are currently two main schools of thought, which hold contrasting views
on the nature of knowledge [38]. The first school of thought, known as the cog

nitivistperspective, contends that knowledge is universal for all and that any two
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systems (biological or machine) should be able to achieve and hold the same rep
resentation of the world. This implies that knowledge is explicit, capable of being
encoded, stored, and disseminated. The cognitivist perspective has influenced the
development of artificial intelligence.

The second school of thought, known as the constructionist perspective, states
that "knowledge resides within our bodies and is closely tied to our previous expe
riences"; consequently, knowledge is tacit, highly personal, not easily expressed
and, therefore, cannot be easily shared [38].

A number of leading management researchers have further elaborated that the
Hungarian chemist, economist, and philosopher Michael Polanyi was among the
earliest theorists who popularized the concept ofcharacterizing knowledge as "tacit
or explicit" which is now recognized as the de facto knowledge categorization
approach [34,39,40].

Explicit knowledge typically takes the form ofcompany documents and is easily
available, whilst tacit knowledge is subjective and cognitive. One of the charac
teristics of explicit knowledge is that it can be easily documented and is generally
located in the form of written manuals, books, procedures, reports and/or found
in electronic databases [41]. As such, it is easily accessible and in many cases
available on an organization's intranet.

As briefly mentioned, researchers who focus on the cognitivist perspective,
believe that knowledge is explicit and capable of being encoded and stored and
disseminated. The focus is on identification of knowledge and its subsequent cod
ification, refinement, and storage for effective dissemination.

Researchers in the cognitivist perspective have created medical informatics ap
plications that are IT led and based upon technologies like Knowledge Discovery In
Databases (KDD), data warehousing, artificial intelligence, and expert systems. All
of these technologies tend to focus on IT to model organizational processes. This
is often carried out at the expense of the human aspect of the healthcare processes.
A number of studies [42--45] have further noted that overdependence on IT results
in the healthcare initiatives, and we argue the same is happening to healthcare KM.

It has been argued that future healthcare stakeholders would need to combine
management skills with clinical knowledge [46]. The way forward for healthcare
institutions is to "integrate clinical knowledge bases at the point of care ... thereby
rendering it more accessible," which would call for streamlining clinical knowledge
into the workflow of healthcare processes [47]. This argument has also found sup
port in other study by Jurisica et al. [48], who note that systematic KM (i.e, support
for acquisition, representation, organization, usage and evolution of knowledge in
its many forms) can alleviate problems caused due to the information explosion in
the biomedical domain.

We further argue that the high failure rate of healthcare initiatives based upon
the cognitivist perspective has further strengthened the need of incorporating the
constructionist perspective in creating healthcare KM applications. This implies
that healthcare KM as a discipline has to combine both the cognitivist perspec
tive and the constructionist perspective, a combination that is lacking in previous
healthcare management paradigms.
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1.5 Conclusions

Theinformation explosion inhealthcare hasadversely affected theabilityofhealth
careprofessionals, particularly physicians, in providing accurate andtimelymedi
caldiagnosis andtreatment. The information explosion inhealthcare is likelyto be
furtheraccentuated byadvances inbiomedical knowledge andgeneticengineering.

It is arguedthat if the impactof all these factors is seen together, then the con
clusion from a healthcare informatics perspective is clear: 21st century clinical
practitioners have to acquireproficiency in understanding and interpreting clini
cal information so as to attain knowledge and wisdom whilst dealing with large
amounts ofclinicaldata. These data will be dynamic in natureand wouldcall for
the ability to interpretcontext-based healthcare information [49].

Previous healthcare management paradigms, despite their initialpromise, were
unableto offer solutions to the information management crisis in healthcare. This
chapterhasdiscussed theconceptof KMas applicable to the healthcare sectorand
has arguedthatorganizational aspectsof healthcaremanagement needto be incor
poratedwithinthe healthcare system, alongside technological implementations in
a mannerwherepeople,processes, andtechnology are inharmony. Webelieve this
can be achieved by effective designof healthcare KM systems that combineboth
cognitivist and constructionist perspectives on knowledge creationand transfer.
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2
Clinical Knowledge Management: A
Model for Primary Care

SIMON de LUSIGNAN AND JUDAS ROBINSON

Abstract

Opportunities for the applicationof knowledge management to primarycare have
grownin the last twodecadeswiththe implementation of informationcommunica
tion technology, resultantchanges in medicalrecord keeping,and requirements to
audit quality standards. Knowledge managementmodels for primarycare need to
take into accountthe uniquenatureof this specialitywithemphasison first-contact
care, longitudinality, comprehensive services,and coordination. This chapter pro
poses a knowledge managementmodel for primary care based on the division of
the area into four prototypical subject areas: tacit versus explicit knowledge, and
leamer-centered versus information-centered knowledge management. In sum
mary, we feel that the complexityof primary care does not lend itself to a single
knowledge management solution,especiallyone that is entirelytechnologybased
or sees evidence-based medicine(EBM)as the only importantparadigm. Instead,
primarycare requiresa portfolioof solutions. Wesuggestthat theseshouldinclude
one element from the following four areas: EBM, communityof practice,clinical
audit, and mentorship.

2.1 Introduction

Knowledge management (KM) has the potential to improve the working lives of
primarycareprofessionals at a timeofchangingrolesandexpectations. Inprevious
decades, primary care physicians were the repository of clinical knowledge con
cerningtheirareaofpractice,theyworkedfarmoreas individuals withtheirownlist
of patients,and they usedinformation andcommunications technology (ICT)rela
tivelylittle.Their medicalrecords werehand writtenon individual medicalrecord
cards, which were stored together in that patient's medical recordenvelope. Their
readily available knowledge sources generally consisted of a limited number of
textbooksand a pharmacopoeia, as wellas contactwithcolleagues. However, over
the last two decades things have changed dramatically with contractual changes
withinprimarycare and the introduction of K'T, Data from computerizedmedical
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records are almost instantaneously searchable in contrast to their paper prede
cessors; and bibliographic databases and other on-line resources provide ready
access to up-to-date evidence [1]. The latter also help provide selective access to
the exponential growth in the volume of medical information. Consequently, this
role of the primary care professional has changed. Clinicians no longer know all
of the pertinent information, but instead need to know where to find the required
information. At the level of the individual patient, mastery of a generic problem
solving process is more critical than factual knowledge. At the practice population
level, primary care professionals have the ability to audit quality standards in their
practices in a way that has not been previously possible. Health services can en
sure that practices are implementing quality standards and have systems in place
to learn from critical incidents. Table 2.1 illustrates how many of the changes in
primary care over the last two decades have created an environment within which
cultural and organizational change, including the deployment of ICT, have created
an environment within which KM programs have a greater potential for success.

The increasing volume of medical knowledge and the constant search for an im
proved managerial effectiveness within health services also create an environment
within which KM has the potential for an increased role. The volume of medical
information is increasing, and, as a generalist, the primary care professional needs
to stay abreast of a broad corpus of information. It has been estimated that the
number of medical journals doubles on a 19-year basis and that there are over
40,000 biomedical journals in circulation [2,3].

A sample of 22 practices in 1998 revealed over 28 kg of guidelines [4]. Faced
with this ever-mounting growth in knowledge, primary care practitioners are almost
obliged to rely on leT and KM to overcome information overload. Simultaneous
with the increase in medical knowledge, healthcare costs are rising. Healthcare
managers face the unenviable task of discovering approaches that are better, faster,
and cheaper. With this task in mind, the new concepts and paradigms that have
come to their attention in recent years are [5]:

• evidence-based medicine (EBM) [6];
• model of integrated patient pathways (MIPP/IPP) [7];
• clinical governance (CO) [8];
• in the UK, a financially incentivized Quality and Outcomes Framework (QOF)

that has defined 20 clinical targets that Gl's should achieve [9];

• KM [10].

KM is a broad, multidisciplinary field encompassing some of the other ap
proaches, such as EBM. Broadly speaking, KM can be defined as capturing, orga
nizing, and storing knowledge and experiences of individual workers and groups
within an organization and making this information available to others in the or
ganization [11]. The concept of KM should also include accelerating learning;
a strategy that captures and codifies knowledge [12]. EBM is a highly structured
formed of explicit knowledge, which can be readily codified. Whilst much has been
written about EBM and its implementation in primary care [13] much less is know
about how to utilise this knowledge as part of a KM strategy for primary care.



TABLE 2.1. Evolution of primary care and scope to deploy clinical KM programmes

Professional
attitude

Responsibility

Knowledge

Knowledge
sources

Clinicalrecords

Clinicalaudit

Quality
standards

Training

Scope to deploy
KM

Primarycare in 1985

Reluctance to question
clinicaljudgment-largely
held by individuals

Personallists with 24-h
responsibility for patientcare

Heldby physician

Texts, sometimes quite old
Pharmacopoeia

commercially produced
MIMSis the most popular
Postgraduate centrecontact

withcolleagues and library
access

Individual recordson paper
Narrative data
Maybea summarycard and

repeatprescription card
Separate notesheld by general

practitioners (GPs),district
nurses,healthvisitors, etc.

Nothingcompulsory, some
primarycare professionals
undertook: randomcase
discussions: audit of a sample
of cases

Manual age-sex register
provides a mechanism for
searchingrecords

No formal mechanism other
than newentrantsmustbe
vocationally trained

Focuson narrative, learning
from a trainer

Formative assessment

Very few practices had
computers or Internetlinkage

Low

Primarycare in 2005

Clinicalgovernance is expected
Review andquestionprocesses and errors
Systemicresponsibility
Practice-based registration, with most

practicesoptingout of 24-h care provision
Clinicianis problemsolverwithaccess to

largeamountof knowledge-online and
sometimes integrated withcomputerrecord

Texts
Paper BNFstill remainspopulardespite

onlinedrug information
Emailaccessto information
Digital libraries, e.g. PrimaryCare Electronic
Library(PCEL)
Postgraduate centersand libraryas before
Computerized recordsconsistingof structured

data and associated narrative free text
Whilstcodingof diagnosis in someareas is

incomplete, prescribing data is completeand
reliable

Singlecomputerized recordsystemused
acrossprimarycare, linkedto laboratories,
and movesto integrateacrossthe health
service

Computerized recordsmakesearchesof all
recordsnearlyinstantaneous

Computerized recordsmean that disease
registers can be instantlycreated

Comparative audit of standards between
practicesis possible

Annualappraisal, an intermediate step
towards revalidation

Appraisal includesreviewof critical incidents
and participation in audit
2005contractincludesfinancially
incentivized quality pointsfor achieving
specific targetsfor chronicdisease
management (CDM)

Muchmorestructured:
MCQknowledge test
Summative assessment of consulting ability
Basic life supportformally tested
On goingneed to maintainstandards
All primarycareclinicalprofessionals have

a desktopcomputer, specialistcomputerized
medicalrecords,email and the Internet(via
NHSnet, the National HealthService's
(NHS's) own fire-walled intranet), and an
increasing numberof electroniclinks to
laboratories, pharmacy, and telelmonitoring
devices

High
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Thischaptersetsout whatis uniquein primarycare, a specialitywherecontinuity
and long-term relationships are critical. Next, we discuss the evolution of the
primary care records and the potential to use knowledge derived from them to
improveclinical practice. Many of the current strategiesfor quality improvement,
listedabove,areeasy to use in areas where there is a largebody of EBM that can be
readily applied.They are much more difficult to apply in primary care, where the
longitudinal relationship and social and psychosocial factors may outweigh those
ofevidence-basedpractice.FreemanandSweeney[14]discussedreasonswhyGPs
did not implement evidence. Practitioners' consideration of psychosocial factors
and knowledge of a patient's personal situation may influence implementation
of evidence. Also, personal experience is very powerful and may override the
evidence base. For example, one doctor reported he was reluctant to anticoagulate
elderly people after one 88-year-old woman kept falling and frequently ended
up in casualty being stitched and bandaged up. Local circumstances can also
affect decision making. When discussing the potential side effects of Warfarin,
one participant said, "It's not a minor bleed if your patient is 30 miles from the
nearest transfusion service." One doctor said

"The problem is starting him on ACE (the correct evidence-based therapy) is because he
is veryanxiousaboutany medication change,and every time you changethe medicationit
entailsanotherfour or fivevisits to go and see him and to try and reassurehim that he is on
the right medication".

These examples illustrate the logistical problems faced by practitioners, i.e. lo
gistical problems that may conflict with the implementation of evidence-based
practice. Taking the unique attributes of this speciality into account, this chapter
explains how a balanced approach to KM is needed in primary care.

2.2 The Unique Nature of Primary Care

Primary care is generally recognized to be a unique speciality with its own dis
tinct knowledgeneeds. Numerous definitionsof primary care emphasize this; see
Figure 2.1 [15-18]. KM, as applied to primary care, will have specificmodels and
requirements. Indicative of this unique role is the emergence of a sub-speciality
of medical informatics, i.e, primary care informatics [19], which has much to
contribute to KM in primary care.

Currentdefinitionsof primarycare emphasizefirst-contactcare, longitudinality,
comprehensive services, and coordination. Despite the fact that the inability to
quantify thesephenomenareduces their usefulnessto plannersand evaluators[20],
they adequately describe the unique nature of primary care. Additional aspects
of primary care which distinguish it from other areas of practice are its ready
acceptance of psychosocial considerations as addenda to the biomedical model,
and decision making based on heuristic rules of thumb, rather than deductive
reasoning, which is used to advantage in situations when patients often present
with nondescriptsymptomsor problemsunrelated to illness. Primarycare also has
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Primary health care is essential health care based on practical, scientifically sound and socially
acceptable methodsand technology madeuniversally accessible to individuals and familiesin the
communitythroughtheir fullparticipation andat a cost that thecommunity andcountrycanafford
to maintainat everystageof theirdevelopment in thespiritof self-reliance andself-determination.
It formsan integral part bothof the country'shealthsystem,of whichit is the centralfunctionand
main focus, and of the overallsocial and economicdevelopment of the community. It is the first
levelof contactof individuals, the familyandcommunity with the nationalhealthsystembringing
healthcare as closeas possibleto wherepeopleliveand work,and constitutes the firstelementof
a continuinghealthcare process[15].

Primarycare is first-contact, continuous, comprehensive, and coordinated care providedto popu
lationsundifferentiated by gender, disease, or organsystem[16].

Primarycare is the provision of integrated, accessible health care servicesby clinicianswho are
accountable for addressing a largemajorityof personal healthcare needs,developing a sustained
partnership withpatients,and practicing in the contextof familyand community [17].

Generalpractice/ familymedicine isanacademic andscientific discipline, withitsowneducational
content,research,evidence baseandclinicalactivity, and a clinicalspecialtyorientatedto primary
care [18].

FIGURE 2.1. Definitions of primary care.

its own clinical coding systems and unique clinical computer systems designed to
provide access to the longitudinal medical records of primary care. Many of these
have links to applications that belong to KM, decision-support and information
systems which improve the quality of care.

Therapeutic decisions in primary care are frequently made on a heuristic basis
(intelligent rules of thumb) [21]. The "rules" reflect the health beliefs and experi
ence of that practitioner: the nature of a problem may be elucidated over several
consultations. The contrast of the nature of family practitioner and hospital deci
sion making is illustrated in Table 2.2. Although an oversimplification, it serves to
illustrate the fundamentally different environment within which the primary care
professional is required to operate. Inevitably there will be many circumstances in
which the hospital doctor will practice in a way that is similar to the family prac
titioner, and vice versa. The nature of this decision-making process, in which a
definite diagnosis is not always made, has implications for the certainty with which
diagnostic labels can be applied, and what meaning can be attached to codes ap
plied. For example, at what point should chest pain on exercise be labeled angina?
The implication of using the angina label is that patients with this label may be
called in for all sorts of preventive procedures that mayor may not be appropriate.

The conventional approach to medical problem solving is to use deductive rea
soning. The theoretical approach to developing computerized decision-support
tools to assist is described by Musen [22] as having two components, which need
definition:

The domain ontology: defining the concepts and their interrelation within the area under
study.

The problem solving method: this has to be defined in general terms. This might be an
algorithm, a statistical approach, or one of many other methods, alone or in combination.
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TABLE 2.2. Polar viewsof the decision-making environment in general practiceand
hospital (adaptedfrom Essex [21]).

Issue General/Family practice Hospital

Problem type Unselected Selected
Whomakesdecisions Alone,in isolation Oftenmadewithotherdoctors

andcolleagues
Influence of knowledge Decisions affected Decisions oftenmadewithno
. of the fami Iy knowledge of the family

Timeavailable Shortconsultations, little time Moretimeto takehistory and
examine fully

Seriousness and urgency Decision madeby GP outside Decided on beforeadmission or
of problem hospital referral

Typeof problem Worried aboutsomething, minor Mainly majorillness, chronic
illness, chronic disease disease

Stagein natural history Oftenearly Usually late
the disease is seen

Typeand rangeof Very broad,withseveral Morefocused, oftenon an organ
decisions problems presented at once or system, depending on

specialty
Review of decisions Easilyreviewed Hardto review afterdischarge

Success with this analyticalapproachhas been found using software that detects
druginteractions [23],anditsutilityhasbeendemonstrated inprimarycare [24,25].
Clearly, in theareaofdruginteraction detection, structuredrecordingofmedication
hasadvantages formedicalcare.However, therearedoubtsexpressedas to whether
technology that is clearly useful in detecting drug interactions can be extrapolated
more broadlyacross primarycare.

Fugelli [26] questions whether limitation to a single domain is possible in
primarycare:

Doctorsin other parts of medicineare devoted to a particularorgan or a technology. They
practiceaccording to what the Germanscall "Das Schemata....

"Das Schemata"is not workable withingeneral practice.

Over 15 years ago, Suchmanprovided insight into why this view may be correct
[27]. She concluded that human-eomputer interfaces that propose set cognitive
models (das Schemata) are likely to fail for three reasons:

1. Context predominates. The immediate contextmay predominate: if it is impor
tantto a patientwithheartfailureto tella clinicianabouttheirgrandchildren and
their worries, thenthisagendawillfilltheconsultation, not thedecision-support
tool for heart failure.

2. Rules are only a guide. Guidelines and rules are only a tool around which
individuals organizetheirownconduct,e.g.patientsmaynot taketheirmedicine
as prescribed.

3. Experience and commonsense modulate decision making. Professional judg
ment drawn from experience modulates what happens: a child may have
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symptoms suggestive of illness, but the physician's experience suggests that
this person is well.

Studies showing how little decision-support tools were used in the management
of chronic disease [28-30] lend support to Suchman's views.

Whilst it might be expected that simple heuristic "rules" might be modeled
easily, in reality they are complex, depending on a unique set of factors that come
together within that particular consultation. Things are further complicated by the
recognition that the doctor-patient relationship is in itself therapeutic [31].

Primary care informatics should, therefore, examine complexity [32] and com
plex adaptive systems [33] as potential sources of insight into how to model the
consultation. Chapman [34] describes the divide that needs to be bridged:

"IT experts are extremely good at linear, reductionist positivist thinking, and not so good
at constructing social solutions and appreciating other perspectives. So there is an inherent
mismatch between the mode of thinking required to develop robust social solutions and the
thinking required to develop robust technical solutions."

To summarize, the following are some of the features that make primary care
unique:

• continuity of care;
• comprehensive nature of care;
• first point of contact;
• longitudinal records;
• primary care specific computer systems and clinical coding;
• psychosocial factors taken into consideration;
• short consultations;
• patients seen early in the history of the disease;
• heuristic rules applied rather than deductive reasoning.

Any KM model needs to take account of these features. The experientialleaming
of the authors is that, because of time pressures, primary care clinicians tend to need
to retrieve information in consultation (e.g. look up drug doses, the correct therapy,
the level of cholesterol to intervene at, etc.); more reflective learning takes place
at the end of the surgery session, when there is more time and space to formulate
and answer questions. The use of the Doctor's Desk and peEL reflect this pattern
of use, i.e. peaks of use at the end of morning and evening surgery [35,36].

2.3 The Evolution of the Primary Care Medical Record

The evolution of the primary care record from paper to computer is a key enabler
of KM in primary care. Themes can be identified in the evolution of the medical
record in primary care [37]. Records started in an unstructured format, with the
data they contained being of little value other than to the person who wrote it.
The next step in development was the introduction of the use of coded data that
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FIGURE 2.2. Continuation cards from UK general practice medical records, used 1911
onwards.

allows others to assimilate key information quickly. This process started long
before computerization. There has been progressive change, from the Victorian
doctor who might make notes in his journal or diary about the patients seen that
day, to individual patient records; then to data recorded in a way that allow it to be
aggregated from many records, so that the health status of whole populations can be
assessed. The recognition of the need for structured data preceded computerization.

The written records system, which is only finally disappearing from use in the
first decade of the 21st century has its roots in the UK's 1911 National Insurance
Act. These records are often referred to after the originator of that act, as the
"Lloyd George" records . The continuation cards on which the record was written
are shown in Figure 2.2. They encouraged brevity, and had the advantage of being
easy to scan visually. When medical records were reviewed in 1920 it was decided
to keep the same format so that the same filing cabinets that kept the old records
could be used. There was one record envelope per patient. There was space for
information on the outside of the envelope, and a continuous chronological list
of consultations would be created inside on continuation cards. There was no
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FIGURE 2.3. Front and back of medical summary cards from OP records.

structured data in these records. only narrative. It was to be a pennanent transferable
record, kept by the doctor on whose list the patient resided at that time. This format
remained unchanged until the 1950s, when it was suggested that a distinctive
colored summary card be introduced.

These records became progressively more structured through the addition of
extra cards to the record . However, progress was piecemeal, rather than as a result
of health service planning. Most of the structuring of the record was directed at
improved chronic illness management, and prevention. The first extra cards added
to the record were summary cards added in the 1950s, followed by repeat prescrip
tion cards [37]. Later, additional cards relating to specific illnesses and conditions
were added, e.g. asthma, hormone replacement therapy, diabetes, hypertension,
pregnancy, and so on. Through this process, general practice started to define its
own ontology (concepts and their interrelationships) which defines it as a specialty.
It is the beginning of an evolutionary process of structuring the data in the record,
and towards the creation of a coding system. Examples of these cards are provided
in Figure 2.3.

More recently there have been attempts to transform the record to one which is
problem orientated [38]. "Weed's SOAP" was a common format used: S was for
subjective (or what the patient complained of); 0 was for objective (any objective
findings, e.g. blood pressure measurement); A was for analysis (the doctor's judg 
ment as to diagnosis); and, P was for plan, as to what action to take or prescription
given. Although adding structure to the record, information could be recorded in
any handwritten format. However, with the exception of stickers (sometimes used
on the outside of records) , data like blood pressure (which was always recorded in
one format) and some practices' use of age-sex cards, the recording of data that
these cards structured was where the narrative was recorded rather than coding of
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thedata.The creationof recordswithproperlystructureddatadid not happenuntil
computerization.

Computersystemsallowdata to be recordedin a structuredformat. Goodquality
computerized medicalrecordscontainever-increasing amountsof structureddata;
recorded at every patient encounter. In the written record, additional cards (e.g.
the brightyellowRoyal Collegeof GeneralPractitioners asthmacard) enabledthe
doctor or nurse to ascertainquickly that the patient had asthma, rather than scan
up and down pages of consultations. The equivalentway of making the diagnosis
visible in a computer record is to "code" it. Good computer records, therefore,
rely on the clinician coding all the relevant information. There are no national
standards about what should be coded, or how many items in a consultation.
However, good records should have a coded problem title (diagnosis or symptom
code), and other key data (relevant co-morbidities, familyhistory, symptoms and
signs)coded as well.There should be sufficient information for another clinician
to be able to pick up the care of that patient, and for patients to benefit from
computer searches to find patients who may be suboptimally managed, or who
needan additional intervention (e.g.callingin for a fluimmunization). SinceApril
2004,computerized recordsin the UKhavebeen usedto monitorprogresstowards
delivering financially incentivized quality-based targets for CDM.

Routinely collectedcomputerdataare readilyavailable forclinicalaudit,quality
improvement, and research. The creation of the readily searchable computerized
medicalrecordhas greatly improved the potentialfor KM activitywithinprimary
care [39]. Much of what is currently done is retrospective, involving relatively
straightforward data processing[40];however, healthservicemanagerscited their
inability to accessroutinelycollecteddataas one of theirprincipalbarriersto man
aging effectively [41]. Once mastered, though, it is inevitable that more advanced
data-mining techniques will be used to generatebetter information in the future.

2.4 Knowledge Needs of Primary Care Professionals

Primary care professionals have a broad range of knowledge needs. Biomedical
knowledge is essentialto primarycare professionals, and includedin this is EBM,
coveringmany aspects of diagnosis, treatment,and prescribing. Emphasis in the
UKhasrecentlybeenputonthemanagement ofchronicconditions, acrosstheNHS
as well as in primarycare, with the introduction of National ServiceFrameworks
and the activityof the NHS Modernisation Agency[42].The role of primarycare
professionals is changingto one focusedon CDM, with less out-of-hours activity.
In additionto caring for patients,UK primarycare professionals are also asked to
take on a managerial role within the health system. There have been a series of
initiatives with in the UK healthservicewhichhavegivenprimarycare a powerful
role in commissioning care.The objective of these reformscouldbe interpreted as
incentivizing practitioners toreformthe waytheydelivercareandmanagedemand.
These reformshave included:
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• fundholding,
• primary-care-Ied NHS,
• personal medical services, and most recently
• practice-based commissioning.

Emphasis on CDM and commissioning care have prioritized knowledge needs
associated with the biomedical approach to disease, which are potentially differ
ent to the knowledge needs when caring for people without a definite diagnostic
category.

It has been demonstrated that all professional groups in primary care welcome
and support evidence-based practice. In support of the view that primary care pro
fessionals are suffering from information overload, the most important facilitator
for the use of EBM was found to be protected time [43]. As well as welcoming and
supporting EBM, information supporting evidence-based practice has been shown
to be used and valued by the majority of doctors in an Australian study [44]. But as
discussed in Section 2.1, primary care has its own barriers to the implementation
of evidence-based medicine.

2.5 Knowledge Management Model for Primary Care

A comparison of the decision-making environment in general practice and hospital
serves to illustrate some of the special ity specific needs of primary care. As noted by
Balint [31], the primary care consultation is a complicated phenomenon. Doctors
themselves are a "drug" with effects and side effects which perhaps deserve their
own pharmacology. leT solutions offered by KM tend to overlook aspects of
the consultation such as this and are in danger of supplying unwanted solutions.
We have already discussed how decisions in primary care are often made on a
heuristic basis (intelligent rules of thumb) rather that using deductive reasoning;
this, in turn, leads us to the view that human-computer interfaces that set cognitive
models (except in a small number of well-defined disease areas) are likely to fail
[27].

Knowledge can be either tacit or explicit (explicit knowledge can be found in
the form of guidelines and is easily available, whereas tacit knowledge is subjec
tive and cognitive). As tacit knowledge is often stored in the minds of healthcare
professionals, one of the objectives of KM is to transform tacit knowledge into
explicit knowledge to allow effective dissemination. This transfer of tacit knowl
edge to explicit knowledge is exemplified by databases such as Medline [45] and
the Turning Research into Practice (TRIP) [46], and online collections of guide
lines such as Prescribing Rationally in General Practice (PRODIGY) [47] and the
National Institute of Clinical Excellence (NICE) [48]. Resources such as these en
able clinicians to cope with the ever-expanding body of medical knowledge, and
information retrieval systems have been shown to improve the quality of answers
provided by clinicians to typical clinical problems [49].
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FIGURE 2.4. Primary Care Electronic Library (PCEL).

As well as the tacit/explicit knowledge dichotomy, KM projects can be di
vided into information- and leamer-centered activities. Information-centered KM
disseminates existing knowledge, whereas leamer-centered KM aims to create
opportunities to accelerate learning . It has been suggested that KM activities
fall into four groups on the basis of the tacit/explicit nature of knowledge and
infonnationlleamer-centered activities [50]. EBM is perhaps the most well known
instance of KM, falling in the information-centered and explicit knowledge area.

Our own project in KM is the PCEL. This is a KM application that fits into the
explicit knowledge and information-centered model area. We have worked in this
area for some time, initially through the Doctor's Desk [35], then developing the
primary care virtual branch library of the National Electronic Library for Health
[51]. PCEL is our most recent development [52]. It is a case study of information
centered KM designed to disseminate specialist information (Figure 2.4). PCEL fits
with one of the key aims ofKM: the transformation oftacit knowledge into explicit
knowledge, in order that it can be shared amongst colleagues. This objective is
achieved by peEL, in that the resources which are presented online are quality
assured and assessed for their relevance to primary care. Every resource in the
library has an electronic index card which presents metadata concerning each
entry. The electronic indexing is designed to allow rapid searching of over 1000
resources stored within a database. These index cards can be searched via free text
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Model for KM in
Primary Care

FIGURE 2.5. A KM model for primary care.

or an advanced search and can also be browsed alphabetically or numerically. The
index cards are also cross-referenced by MeSH (Medical Subject Headings) terms
[53], allowing browsing or retrieval of resources indexed with the same term.

Our proposed KM model seeks to balance, if not reconcile, the need for both
explicit and tacit knowledge; as well as both the information- and leamer-centered
styles. It has been suggested that a combined approach to KM is inappropriate
[54]; we do not agree with this, believing that this is needed to cope with the
complexities of primary care. Primary care has to deal with individuals with their
unique health beliefs , ideas, concerns, and expectations, whilst having to achieve
evidence-based health gains for populations.

The model (Figure 2.5), in it simplest form, is a two-by-two matrix of explicit
and tacit knowledge on its x-axis and information- and leamer-centered activities
on its y-axis. The model aims to encourage primary care professionals to have a
portfolio of information management tools, as well as to be participating in learning
activities. The model also encourages connecting with and learning about tacit
information, as well as explicit information. Four prototypical activities or learning
types for the model are proposed; however, this is not to say that, prescriptively,
they have to be part of each primary care professional's KM portfolio. They should
be regarded as exemplars, of how the set of knowledge activities might be made
up, and what the place of information technology might be within the model.

2.6 Summary

In summary, we feel that primary care needs a broad approach to KM. Its com
plexity does not lend itself to a single approach. The complexities of primary
care reflect that people have multiple complex problems contextualized by their
own health beliefs and life experiences. Primary care practitioners need to form
relationships over a long time period with their patients and know how to consult
effectively, dispensing what Balint described as "drug doctor." Alongside this they
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needto implementnationallyand locallyagreedevidence-based targetsfordisease
management, but they need to do so in an environment that managesdemandand
controlscosts.Theproposedmodeltakescognizanceof needsfor tacit andexplicit
knowledge and of learner-and information-centered KM. Our assertionis that the
uniquespecialityof primarycare needs a portfolioof KM, rather than any single
tool.
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3
Role of Information Professionals as
Intermediaries for Knowledge
Management in Evidence-Based
Healthcare

GABBY FENNESSY AND FRADA BURSTEIN

Abstract

The common practice of evidence-based healthcare can also include informa
tion professionals as intermediaries in a socio-technical framework of knowledge
management for supporting medical decision making. Intermediaries play a part
in supporting task performance at the level of practical activity. This chapter de
scribes challenges associated with implementation of knowledge management for
evidence-based healthcare. In particular, we explore the role of intermediaries in
meeting information needs of healthcare professionals. The chapter describes a
field study that evaluated the impact of using intermediaries on indicators such as
rigor, speed and completeness of information provision and appraisal and inter
pretation of knowledge selection.

3.1 Introduction

There is an anomaly between the amount of time, effort, and money that is invested
in seeking and providing information to healthcare practitioners in order to help
their decision making and the lack of what is generated from this process. This
is a typical situation for somebody using evidence based healthcare to facilitate
decision making. Knowledge management (KM) in the context of evidence-based
healthcare creates a learning environment and ensures that "best practice" is cap
tured and disseminated. KM in healthcare is a complex process involving many
information processes that need special skills and support. A range of tools and
techniques has been considered to improve the speed and quality of information
provision. Some of those are technology based, others require people in roles
specifically devoted to supporting the knowledge needs of healthcare practition
ers. There is a challenge in establishing the right balance and combination of the
technology and human skills so that decision-making needs are met in the most
effective and efficient way.

The common practice of evidence-based medicine in meeting information
needs of medical practitioners may also include information professionals as
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intermediaries in a socio-technical framework of knowledge management. Inter
mediaries playa part in supporting information needs for task performance at the
level of practical activity. Moreover, knowledge generated by these "intermedi
aries," at both an individual and a collective level, becomes a valuable resource
that can be reused as a meta-knowledge of performing future requests for new
evidence.

The role of information providers and the work they have to perform in an
evidence-based practice context in turning information into meaningful knowledge
has seldom been explored. Such a role is one of supporting decision making, by
acting as an intermediary between the health practitioner and the large range of
knowledge available. Up to now there has been some talk about a chief knowledge
officer in evidence-based practice and the role of KM [1], but the extent of its
application to this area of healthcare has not been elaborated. An extension of
this concept to include information technology has also been hampered by a lack
of support for such work close to where healthcare decisions are made about the
patient [2].

This research builds on previous work [3, 4-5] which established that tacit
knowledge and exploiting human understandings of the evidence was more im
portant for KM than codified knowledge available through databases.

The use of intermediaries, information professionals, as part of the KM for
decision support within the context of evidence-based practice has not been studied
empirically [5]. Can information professionals enhance decision making as part
of the KM process? Is this process improved compared with end users using
technology for themselves? Current views are divergent on this issue [6-8]. These
differ about whether practitioners are best placed to meet their own evidence-based
information needs well, or whether intermediaries who have specific skills, time,
and expertise could do this more effectively.

In this chapter we explore challenges associated with implementation of KM
for evidence-based healthcare. In particular, we investigate the role of interme
diaries in meeting information needs of healthcare professionals and compare
this role with replacing it with technology solutions. The chapter reports on a
field study that explored how intermediaries can be used to improve decision
making performance. We used indicators such as rigor, speed, and completeness
of knowledge selection, appraisal, and interpretation as the basis for performance
comparison.

3.2 Knowledge Management in
Evidence-Based Healthcare

Defining knowledge is a core issue in the KM literature. In a healthcare context, the
question of what makes up "knowledge" is also very complex. This type of know1
edge has been mapped out by Eraut [9], and comprises tacit knowledge as its very
important component. This practice knowledge, or set of working assumptions,
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is not brought to scrutiny on a routine basis. Such tacit knowledgecan be broken
down into:

• Empiricalknowledge,i.e. thehardfacts,whichis usuallyownedby professionals,
such as physiology.

• Process knowledge, which is about how to get things done and how the health
process operates.

• Control knowledge, which is aboutdealing with feelingsand emotions,designed
to be used in ethical ways.

• Knowledge of people, which is concerned with anticipating how others will
behave.

Using evidence to inform decision making will influence the first two types of
tacit knowledgedescribed here, i.e, informing both empirical and process knowl
edge. Within the hospital setting, health practitioners have questions about:

• What is best practice?
• Is it effective?
• How do interventionscompare in terms of their relative effectiveness?

Such questions are raised in the day-to-day work of healthcare practitioners,
but also as a means of problem solving at an organizational level. Providing in
formation to support evidence-baseddecision making in healthcare is a complex
and nonstructured component of KM, where information is acquired, retrieved,
sifted, and appraised before being handed on to practitionersso that decisions can
be informed [3]. The central role of information in evidence-basedhealthcare has
always been widely recognized. Information provides a cornerstone for deciding
what is the best availableevidence and best practice [10,11].

Evidence-based practice has been defined as "the practice of ... integrating in
dividual clinical expertise with the best available external clinical evidence from
systematic research" [10]. Using the best available evidence means identifying
and integrating the most current research and practice results for effectivecare in
order to support clinical decision making of the healthcare practitioners.

Evidence-basedpractice has evolved as a movement within healthcare systems
to understandhow health resourcescan be used most effectivelyto improvehealth
outcomes and the quality of patient care. At an individual level it is a way of
helping health practitionerswho are overwhelmedwith the informationexplosion,
who have limited time and resources to pursue their questions. A range of people,
tools, and techniquescan be engaged to improve the speed and quality of decision
making. From an organizational level, health services are under pressure to make
use of finite resources; evidence-based practice may be one way of rationalizing
expenditure.

From an early stage, information providers become knowledge workers within
an evidence-based context [12]. They utilize their specialist skills to translate
complex requests for evidence into a search for codified knowledge. Moreover,
they use their knowledge to link the practitioner making the request to a range of
tacit knowledge that exists within the organization.



3. Roleof Intermediaries in Evidence-Based Healthcare 31

The potential of knowledge creation within this context is a strong driver for
introducing a system for managing such knowledge. The aim is to capture this
knowledge at the point of when it is being created and make it available as part of
decision support in similar contexts.

Up until now, decision support using evidence-based practice has been in the
form of computer reminders, which integrate clinical guidelines and protocols
[13,14]. These systems provide excellent summaries of good-quality evidence,
making recommendations for practice, but they are usually limited in scope and
topic coverage, due to the high cost and amount of time involved in developing
them. At a pragmatic level, practitioners have a lack of skills, time, and under
standing of what to look for [t 5]. Current decision-support systems, which can be
viewed to overcome such problems, are not found in all areas of healthcare, and
in many cases they may be based on "individual expert opinion" rather than the
best available evidence [t 6]. The time required and the skills needed to use such
systems are also issues, when practitioners view their time as best used in direct
patient care, rather than involving information systems, which may slow down the
healthcare process.

3.3 ExploratoryCase Study

KM within a context of evidence-based healthcare gives the potential to improve
quality of service. This section provides results from a project that explores a KM
approach for knowledge workers from the Southern Health Care Network [17].
Participants were recruited when the researchers approached a specialist evidence
center. This center was funded by the state government, to provide information
about clinical effectiveness to all health practitioners within a network of four
hospitals. The service has been running for over six years, and addressed enquiries
from medics, professions allied to medicine, nurses, and midwives. The researchers
observed that the range in difficulty and complexity of such enquiries, depended
on the questions and especially on the types of evidence, which can be found and
used to answer the question asked [4,18].

The major aim of this empirical study was to investigate how intermediaries
can be used in to improve the performance in evidence-based healthcare decision
making. Decision support within this context is based on communicating the right
knowledge to the right user. In a general knowledge management context, the
concept of "intermediaries" can be compared with that of a "chauffeur-decision
maker" [19], "a person who helps the users, perhaps merely as a clerical assistant,
to push the buttons of the terminal, or perhaps as a more substantial staff assistant,
to interact and make suggestions" [20]. It is acknowledged as a role, which is
often needed to meet busy work requirements of the chief executive officers;
however, advances in decision-support technologies are often driven by the aim
of making decision-support systems more accessible and usable to the immediate
decision makers. The example of evidence-based practice shows that the role of
intermediaries may be needed regardless of the progress of technical systems,
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because of the sophistication of the questions and the complexity of knowledge
available.

Intermediaries helpdecisionsbeingmadeat all levels,knowing abouthealthcare
and the politics that influence such decisions. They haveaccess and contribute to
information resources, and theskillsto siftandfindinformation. In particular, their
role becomescritical when the decision maker does not know where to look for
the evidence to support their judgment, not having the skills to work out what is
high-quality information that can be used in the particularsituation. The interme
diaries are there to ask the right questions: searching for relevant information to
supportgimplementation of the decision,performing criticalappraisal evaluation,
and negotiation of the context-specific meaning of the information. All these ac
tivitiesof the intermediary are essential to overcoming the information barriersof
the practitioner-decision-maker, as wellas to generatepotentially newknowledge
for both participants.

By creatingknowledge from information searching, acquisition, sifting,and in
terpretation, the intermediary bringsknowledge to thedecision-support process.In
this respect, the role of intermediaries in decisionsupportcan be seen in support
ing task performance, as well as in KM and learningwithin the organization [20].
Within a systemsapproach to decisionsupport, intermediaries can be considered
as part of a socio-technical decision-support system.

The researchdescribedin this sectiontests whetherintermediaries can enhance
a rangeof performance outcomesrelatingdecision makingbasedon the bestavail
ableevidence. The performance measurement factorsunderinvestigation include:

• Rigor: how well evidence is appraised for its own internal rigor and validity,
throughcritical appraisal; and its relevance to the question.

• Completeness: that a wider range of resourcesis searched, including databases,
websites, and experts.

• Timeliness: that the two precedingindicators can be carriedout within a reason
ableamountof timebetweenaskingthequestionand finding evidenceto support
an answer

3.3.1 Empirical Study Design Model

The following model representsthe basis for the empiricalstudydescribedin this
chapter (see Figure 3.1). It aims to test whetherdecision-making performance is
improved whenusingintermediaries, and if theyperformbetter in rigor,complete
ness, and timeliness of utilizing the evidencefor decision making.

3.3.2 Field Study

A groupof healthpractitioners and intermediaries withina largehealthcare center
inMelbourne, Australia[17],wereusedto test thecontingency model. Participants
for this research were approached after a searchof the Internetwas done, looking
for organizations in Australiawho workin the area of evidence-based practicein
formation. The natureof theirworkfollows the principlesdescribedin Section3.3.
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Controlled Variable

Decision Support
without

Intermediary

Decision
Support with
Intermediary

Decision
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Completeness
of information

Timelines

FIGURE 3.1. Evidence-based decision-support evaluation framework (adapted from [5],
p.69).

Health practitioners were recruited from the same organization. These were
people who had knowledge of evidence-based practice and had also used the
center. Choosing this subset of the practitioner population meant that participants
could contrast their own experiences of searching and appraising the evidence with
that of using the center as an intermediary.

3.3.3 Data Collection
To explore decision performance in evidence-based practice, ten healthcare practi
tioners and seven intermediaries were investigated using a range of data collection
techniques. These included interviews, focus groups, and observation of practice.

Soft systems methodology (SSM) was used to map how key indicators were in
fluenced and performed within the intermediary environment and within a health
practitioner environment [4,21,22]. Rich pictures were used to illustrate the steps
required in seeking the evidence; these were validated by both groups of partici
pants, and as being the desired pathway that people should follow in order to get
the best available evidence [22]. These steps in finding and appraising the evidence
are reflected in the literature from a range of experts in the evidence-based practice
community [23,24].

A range of interviews with intermediaries and a representative sample of health
practitioners supplemented this, focusing on the relationship between intermediary
and health practitioners. Other data analyzed were collected internally over a period
of 18 months by the center in the form of user questionnaires, investigating why
they used the center, and what they did with the evidence once they had it. Using a
wide variety of data sources allowed many aspects of decision making, knowledge
work, practice and interaction to be investigated within a short time frame so that
data could be triangulated.
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3.3.4 Analysis

Information seeking and knowledge flows were mapped out using rich pictures
and conceptual modeling [4,22]. Participants also added their own perspectives
about what was taking place, therefore validating the models and rich pictures.
A group of international knowledge workers in the field of evidence-based prac
tice also externally validated models. Interviews and qualitative comments from
questionnaires were thematically analyzed using the qualitative software program
NUDIST (nonnumerical unstructured data indexing, searching and theorizing)
Nvivo™. Coding of the text was not simply a mechanical process of labeling, but
itself formed part of the analysis process, with interpretation and formulation of
theoretical perspectives as the analysis progressed.

3.3.5 Findings
3.3.5.1 Improvement of Indicators

Improvement in the information quality indicators, ie rigour, speed, completeness
of selection, appraisal and interpretation is not clear cut. All measures identified
for the purposes of this research are subjective and self-reported. To date, no
objective measures of the completeness or rigor of searching and appraisal have
been developed; there are only "rules of thumb" [23,25] or accepted standards
set up by experts in the area. Further, in this chapter we present the results of
the comparative analysis supported by the quotes taken from the interviews with
practitioners (Pract) and information professionals used as intermediaries (Int) as
part of knowledge management systems.

3.3.5.2 Intermediaries: Why Use Them?

Much of this research has explored issues of end users not solving evidence-based
questions for themselves. This includes a lack of skills, time and understanding
of what to look for [15]. Current knowledge management systems, which can be
viewed to overcome such problems, are not found in all areas of healthcare, and
in many cases may not be based on good-quality research [16]. The time and the
skills required to use such systems are also an issue, when practitioners view their
time as best used in direct patient care, rather than involving systems, which may
slow down the healthcare process. One of the practitioners reflected:

"The only problemis that the area is so busy. It's actually making time whenyou're away
fromthe phoneand awayfromthe work,to be able to take it on board. It is very, veryhard
to split yourselfinto two and say "ok 15 minutes to do this, I've got to listen to that phone
or listen to that emergency bell", youjust can't do it duringworkhours." (Pract)

Articulation of information needs relating to the problem at hand is the second
problem. Until they talk to someone else about the issue, practitioners have a
problem in expressing information needs and relating this to the problem at hand.
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"Making sense" of complex problems as part of decision support may pose a
challenge when practitioners have trouble trying to articulate the problem:

"I had no idea what I was lookingfor, I had hundreds of questions and no way of knowing
howto ask them in a way that was focused". (Pract)

"... mostof the questionswe have to answerare not worded properly. They're not worded
in an evidence-based way; in a way that they shouldbe worded". (lnt)

To resolve this, a conversation needs to take place between the practitioner
and the intermediary. At this stage the practitioner can receive feedback about
the viability of the question, whether a search for the best available evidence
is appropriate, and whether there are a range of questions. Such a conversation
becomes part of a transformation from question, to information sharing, to shared
knowledge about the issue at hand. Another information professional reported:

"... it puts so much stress on you, you're trying to figure out what they're asking,you try
and figure out the question, and try andfindthe answerto thatquestionso that youinterpret
from the roundabout way they talk to you". (Int)

3.3.5.3 Rigor of Searching and Appraising the Evidence

Evidence-based practice, when described in the context of the Task-based Knowl
edge Management [25], presumes that past instances of task performance are
stored in memory; the actor has an individual model of the task (implicit/explicit),
as well as access to the shared knowledge and understanding of the task developed
by other members of the team. To carry out the task at hand, the actor "makes
real" the task model by filling it with current information relevant to the problem
situation at hand. Making such a model a reality requires the actor's skills and
tacit knowledge. Memory helps the actor to adapt task performance to meet the
specifics of the current enquiry.

The individual memory helps the actor to provide the historical basis of devel
oping, creating, and changing tasks to ensure that the information provider reaches
his or her goals. However, often the medical practitioner get frustrated, because:

"Information gained was non-conclusive; the quality of the search is astounding. Lack of
evidenceinspiresresearch". (Pract)

On the other hand, information professionals face different problems:

"I get many similarquestions, so that I know where to search on the Web, and what sites
are not useful, this makesthe processrelatively fast". (lnt)

Uptake of the use of intermediaries also improved over time. Since the inception
of the center, use has increased monthly, from just a few requests for the evidence, to
an average of 40 questions, to the point of now rationing the service. This indicates
that practitioners see the value, improved rigor, and speed .atwhich intermediaries
can add to decision making. One of them stated:
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"If it's quiet,eithermanagement encourage you to go downto the library, that's the appro
priateenvironment to be doingsearches, or havea roomthat has a computerset up, away
fromthe nurses' desk, awayfromthe phones, whereyou can do your workwithout being
interrupted. You get constantly interrupted if you are sittingat the desk. It's not the sort of
environment whereyou wantto be tryingto look thingsup". (Pract)

Thisresponseis incontrastto thatof the intermediary; byconstantlycarryingout
thesametasksof retrieving andappraising theevidence. Here,theyareconsistently
seeinga range of practitioners seekingthe evidence,and thus building upon these
experiences to providefaster, more sophisticated solutionsto complexquestions.

3.3.5.4 Appraisal

While there is some evidence that suggests that critical appraisal teaching has
positiveeffects on attitudes, knowledge, and skills, there are gaps as to whether
it impacts on decision making, or indeed whether any impact is large enough to
be of practical significance [24]. The findings from this study show that health
practitioners see intermediaries as "experts" who have the skills to do this more
quicklyandhavea role todecidethevalueof theevidenceon behalfofpractitioners
[4,5].As one informantstates:

"I waslooking for comment on the worth of papers". (Pract)

On the other hand, information professionals confirm:

"... lookat the validity of theevidence wesearch, this is lessbiasbecause weare notbased
in clinical practice andconcentrate on the methodology without worrying aboutthecontext
around us". (lnt)

These comments illustrate a wider view, that many practitioners do not have
researchmethodstrainingor the criticalappraisal skills to do this typeof workfor
themselves. It would, therefore, seem logical to utilizesomeonein a role removed
from direct clinical practice that has experience of evaluating validity.

3.3.5.5 Completeness

The breadthof searchingfor the evidencehas progressed beyondsimpledatabase
searching. The evidence-based practice movement has moved towards more pre
scriptive and accepted pathways that should be searched in order to produce a
complete result. This generally begins with the Cochrane library, and moves in
conjunction with levelsof evidence [26,30], i.e, from sources that look to reduce
bias in reporting, such as systematic reviews of randomized controlled trials, to
more biased sourcesof evidenceof effectiveness, such as expert opinion. If ques
tions are not fulfilled by levelland 2 sources, then levels3 and 4 may need to be
explored. Looking at levels of evidence beyond systematic reviews may require
widersearchesof theInternet,including thelearnedsocieties,and"gray" literature.

Suchcompleteness in coveringa range of sourceswas realizedby practitioners
who used intermediaries:
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... veryimpressedby the rangeof databasesable to searchfar morethan I can accesseasily
using university OVIDdatabases,thanks. (Pract)

Information professional explains this:

... we have an agreed pathwayto follow when we search for the evidence, the less level I
and II evidence we find the wider we have to go, this means going to wider literature and
appraisingprimarysources. (Int)

Confirmation that there was little or no evidence to support some decisions
was deemed to be just as important, and was often much more difficult for both
practitioners and intermediaries to conclude:

"... no information wasavailable on the subjectinvestigates. It's at leastgoodto knowthat".
(Pract)

"... the literature search done by the Centre was very thorough. However the studies to
answer the question have not been done". (Pract)

This process of being inclusive in searching for the evidence contributes to the
ongoing building of memory, which reflects experience and knowledge of the task.
Such a complex task is influenced by past experience of the task of transforming
questions for evidence into action. The intermediary takes the problem to develop
their understanding not only relevant to this context, but also takes the "knowledge"
that has been gained from this encounter to inform further encounters with other
practitioners in a continuous KM.

3.3.5.6 Timeliness

The time that it takes to complete a rigorous search and appraisal of the evidence
will vary according to the complexity of the question and the amount of evidence
that can be found in searching. Measures of timeliness in delivering both of these
tasks will, therefore, vary and be of a subjective nature. The speed with which
intermediaries carried out both searching and appraisal of a wide range of evidence
was illustrated through their own evaluation of work, the more evidence-based
search they worked on, and the more efficient they became. Practitioners also
reflected on whether they had the time to complete the task:

"... greatserviceparticularly forclinicalstaffwhodo not havethetimeduringtheirworking
day to do this sort of thing". (Pract)

"... sometimesit takesus a few weeksto do the searchfor users,but evenso, becausethere
is so much rigour put into the processI doubt whethermost medicswouldhavethe time or
resourcesto do the same". (Int)

An evaluation of the intermediaries' performance was elicited by questions in
interviews and questionnaires that asked about how the center had performed at
carrying out requests:

"... this was a rushjob that the Centre completedvery quickly". (Pract)
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"I was impressed bythetimeliness and ofcontact and efforts made". (Pract)

Practitioners were at pains to point at that they had little time away from pro
vidingcare to carry out searchingfor themselves. The alternative was to carry out
the task in privatetime:

"Main barrier is time!! Even though I strongly believe evidence based practice is inte
gral to my practice, I have little time to access and familiarise myself with theassociated
information". (Pract)

"Heavy workloads mean that all research or reading has to be done in my own time.
Sometimes then too tired or fed upto put inextra time". (Pract)

3.4 Conclusion and Discussion

The findings from this study have implicationsfor the provision of an evidence
based practice informationserviceand the educationof end users, i.e. healthprac
titioners,in information seekingfor clinicalknowledge management. While it can
notbe contendedthatexcessiveeducationin searchingandappraisingtheevidence
is a waste of time, it could be argued that investment in ad hoc training programs
has little impact on health practitioner skills and effectiveness in retrieving and
appraising the evidence.Monies investedby governments, professionalorganiza
tions, and education providers in this area cannot currently be directly linked to
improvements in decisionmaking.Followup, constantrepetitionof skills learned,
and a conduciveworkingenvironmentmust be in place beforeclinicianscan hone
theirevidence-based skillstoa levelthatmakesit timeandcosteffectivefor themto
take this role on themselvesin continuousKMcontext.Perhapsresourcescould be
better spent in investing in intermediaries who already possess the skills required
to do the work on behalf of practitioners.

Themoveof healthsystemsto usingevidence-based practicehasmeantfocusing
on the need for clinicians to keep up to date and improvenot only their own skills
in seeking the evidence, but also to build on their own knowledge base of what
effectivepractice is. Developing decision-support systems for health practitioners
to answer questions about clinical effectiveness as part of systematic KM can be
a way of improving decision making and improving on a range of performance
indicators. However, as we have demonstrated in this study, there is a strong
role for information management professionals to serve as an integral part of a
socio-technical system of KM for decision support. If the performancemeasures
outlined in this chapter are elected as being of importance to health practitioners,
thenusingintermediaries givesa betteroverallresult indecisionmaking,compared
with healthcarepractitionerspracticingan evidence-based approachand using the
technology by themselves.
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4
Healthcare Knowledge Management
and Information Technology:
A Systems Understanding

RAJNEESH CHOWDHURY

Abstract

Healthcare knowledge management (HKM) has developed into a topical field of
investigation. Much of this stems from the current investments in information tech
nology (IT) in health, the application of hi-tech information management systems
for the capture, recording, and retrieval of health information, and the prevalent
thinking that "the machine can do it all." The world of IT is a world of glitter and
myth, which gives the impression that anything can be achieved at the click of a
mouse. In contrast, the world ofhuman activity is an extremely complex domain of
thoughts and beliefs, culture and rituals, and individual comprehensions and appre
hensions, none of which can be captured even by the most sophisticated IT system.

Although it is easy to become mesmerized by IT in knowledge management,
it is the consideration of the wider organizational, political, and socio-cultural di
mensions that can enable any information system and any knowledge management
strategy to work with effectiveness. Concentrating solely on IT will mean adopting
a one-sided view of HKM, ignoring the whole gamut of socio-cultural, political,
and ethical dimensions of working in a healthcare organization.

What is required is an approach that recognizes the whole picture and embraces
holism, rather than reductionism, in understanding the complexity of human cog
nition: in other words, a systems understanding of HKM.

Bearing from this understanding, the intention of this chapter is to present an
argument in favor of a systems understanding of the role of IT in HKM, in the UK
context, which can enable an effective comprehension of the opportunities and
challenges associated with the same.

4.1 Introduction

Technology can be of tremendous aid in the capture, recording, and retrieval of
information. This can lead to direct benefits for improvement in the quality of care,
clinical audit, performance management, and, above all, knowledge management

41



42 R. Chowdhury

(KM).A detailedanalysisof IT systemsimplementation withina National Health
Service(NHS) trust is presented. This exercisehas been conductedusinga viable
systems model (YSM) exercise. The arguments and analyses presented in this
chapter are akin to the opinion that, in any KM and information systemsproject,
the human and the technical aspects should not be regarded as two disparate
dimensions, but as interactive subsystems within one larger system.

The research leads to an argument in favor of a systems understanding of the
role of information technology (IT) in healthcareKM (HKM), in the UK context,
whichcan enable an effective comprehension of the opportunities and challenges
associated within this domain. In the UK, the responsibility of the'provision of
health and social care welfare is under the UK Department of Health (DoH) and
Social Security, which was formed in 1966 as a result of a merger between the
Ministry of Health and the Ministry of Social Security [1]. The DoH is answer
able to Parliament for the strategic control and direction of the NHS and social
services [2]. This chapter will mainly draw insights from relevant contributions
in the field of KM, from the policy context of the DoH, and from some of the
findings from an investigation withina particularprimary care trust (PCT) in the
UK. A PCT is an NHS body to commission primary care services in a specific
area.

Theseinsightshavebeeninformedbysystemsthinking,whichhasalsoinformed
the methodologies employedto approachthe situation.

4.2 Systems Thinking and Healthcare
Knowledge Management

Systemsthinkingis a particularperspective in management thought,which seeks
to approacha situationwith a holisticview, rather than consideringparts in them
selves. It operates with the philosophy that the whole is more than the sum of its
parts. Hence, rather than concentrating on parts per se, a systemsapproach would
encourage one to observe the dynamics between the parts and how they interact
and give character to the whole. It encourages the observer to be systemic rather
thanbeingsystematic. A systemsapproachisan organization aspiresto relateto all
possible operative dimensions, viz. culture, people, technology, time, place, etc.,
within which organizations and their activities are positioned and within which
they function.

As a fundamental critique to Descartes' [3] "reductionism," the systems ap
proach is a revolutionary paradigm to approach, analyze, and comprehend or
ganizations with holism, creativity, and criticality. Tracing back to established
writerslike Bernard,Wiener, and Yon Bertalanffy in the 1940sand 1950s[4], sys
tems thinking emerged as a challenging state of mind to visualize organizations
as "goal directed," "purposive," "structurally interdependent" entities whichexist
in a "dimensional domain," yet changing its domain by its action. As Reed [5]
remarks:
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... the starting point for the systems framework is a conception of organisation as a goal
oriented, purposeful system constituted through a set of common underlying abstract vari
ables or dimensions relating to structural properties which are geared to the functional needs
of a more inclusive social system.

Descending from the Greek verb sunistanai, the word systems originally meant
"to cause to stand together" [6]. Senge et al. [6] note that perception plays a cru
cial role here, as it fundamentally depends upon the observer who perceives what
causes the system to stand together. Hence, the systems thinker is continually nego
tiating and renegotiating with a "boundary critique": a process where knowledge
not only diverges from the observer, but also culminates into her/him from the
environment. Sparrow [7] advocates that systems thinking is "about boundaries"
and that our analysis is to be directed towards the generative mechanisms of sys
temic structures, yet which cannot be structurally reduced. The important message
it carries is that the boundaries that healthcare organizations normally create be
tween departments (IT, human resources, performance management, learning and
development, commissioning, etc.) are not only based on insufficient and reduc
tionist understanding, but also create artificial divisions between people. In this
regard, Starbuck and Mezias [8] found in their research that organizations define
their responsibilities and their environments "very narrowly," leading to a kind of
a pathological compartmentalization; and this has to be overcome to achieve an
intra-firm collaborative synergy.

Systems thinking can be of great benefit in approaching and designing an ef
fective strategy for HKM. When there seems to be tremendous emphasis on IT to
aid HKM, a systems perspective can help understand that providing an efficient
IT infrastructure may serve as only one element, albeit important. IT can largely
facilitate information management, which is the preceding stage to KM. The abil
ity to capture relevant understanding pertaining to HKM demands transcendence
from information management to KM. This is an interplay of both objective and
subjective dimensions, which is beyond the provision of just an IT infrastructure.
Objective dimensions would include consideration of the hardware and software
elements for the recording, storage, and retrieval of information; and the subjective
dimensions would include stakeholder participation, co-generative learning, and
the ability to devise a strategy of how healthcare service providers can best make
use of available information. KM is not just about the availability and accessibility
of information through IT, but also how to harness the power of creative action that
organizational members can engage in as a result of this availability and accessi
bility and its interpretation. Holistic approaches, facilitated by systems thinking,
help link the human and technical aspects in HKM.

The analysis and understanding of the human element is of utmost importance
in considering the successful introduction of new IT/communication systems.
Whereas a reductionist approach may consider human and technical aspects in
isolation, a systems approach will consider both the human and technical aspects
as interconnected dimensions within one larger system. During (and before) the
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introduction of IT to facilitate KM, it has to be recognized that the technology is
delivered to suit the users, and the users are adept in the usage of the technology.
Rather than users existing for technology to work efficiently, technology ought to
exist for users to work effectively. It will be relevant to note here that Mumford
[9] developed a socio-technical methodology called ETHICS (Effective Technical
and Human Implementation of Computer-based Systems). The key lies in get
ting the human and technical balance right. A failure to do so may result in the
failure of entire projects, no matter however advanced the technology is. In this
context, Clarke [10] notes that, although the development of information systems
is functionally a technological and networking exercise, the system essentially
has to work within a "social framework." The inability to recognize this has led
to a large number of high-profile failures in IT systems implementation, including
cases like the failures of the systems of the London Ambulance Service and the
London Stock Exchange System [11]. Clarke [12] notes:

The London Ambulance Service (LAS) computer-aided dispatch system failed on
26October1992,its firstday in operation. Fromits inception, the systemhasbeentreatedas
a technical problem, to whicha viablesolutioncouldbe found. ButLASexhibitedsocialand
politicaldimensions whichthe technology-based approachprovedill-equipped to address.

Understanding of the socio-political and cultural dimensions for the design of
an information systems project may not be treated as an isolated one-off event, but
as an iterative and ongoing process, so that the complexity in this context may be
captured. As Davenport [13] comments: "One reason that Knowledge Management
never ends is that the categories of required knowledge are always changing." The
project may be designed to begin with stakeholder participation, leading on to co
generative learning from experiences. Please refer to further reading for a detailed
discussion of co-generative learning. Only after the identification of these needs
should investments be made to devise IT systems suited to the stakeholders' needs.
Only this may lead to an effective strategy for HKM. However, once this stage
is reached, the actions ought not to come to an end. As Davenport said, "one
reason that KM never ends is that the categories of required knowledge are always
changing." Thus, the route towards an effective HKM ought to be an iterative
process. This idea has been conceptualized in steps in Figure 4.1.

The idea is not to present Pigure 4.1 as a recipe for HKM, but rather as a
conceptual model which appreciates the iterative criticality of HKM.

Systems approaches, in general, and critical systems thinking (CST) in partic
ular, may greatly aid planners and designers to be critical of boundaries, and to
be accommodative of stakeholder ideas whilst devising an information systems
strategy for HKM. This may enable information systems design to be inclusive
and more attuned to human requirement. According to Midgley [14], there are
three fundamental commitments of CST:

• Critical awareness: examining and re-examining taken-for-granted assumptions,
along with the conditions that give rise to them.
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FIGURE 4.1. The route to an effective HKM.

• Emancipation: ensuring that research is focused on "improvement," defined tem
porarily and locally, taking issues of power (which may affect the definition) into
account.

• Methodological pluralism: using a variety of research methods in a theoretically
coherent manner, becoming aware of their strengths and weaknesses, to address
a corresponding variety of issues.

A critical awareness is vital for HKM because, as has been addressed above,
KM may be in danger of slipping into mere information management. Moreover, a
boundary critique and re-examination of taken-for-granted assumptions will facil
itate comprehending subsystems as part of a whole, rather than individual parts in
themselves. This will help understanding the interlinkages between systems, and
how the system evolves as a result of this interaction. Hence, CST can be a handy
approach to devise an effective organizational development strategy, working par
ticularly within rigid NHS boundaries and departments of the various strategic
health authorities (SHAs), the PCTs, and the acute care trusts.

4.3 Healthcare Knowledge Management in the UK
Department of Health

Concepts of HKM and learning are not entirely new to the NHS. Documents
produced by the DoH, like The new NHS-modern, dependable [15], Our infor
mationage [16], Informationforhealth [18], An organisation witha memory[18],
amongst others, specifically strategize the management of knowledge in a learn
ing environment. The NHS has also established the NKS, where the "K," which
stands for knowledge, replaces the "H," which stands for health. The NKS seeks
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to "meet the needs of professionals, patients and the public for up-to-date, cross
referenced, evidence-based information by fully integrating the development of
NHS knowledge systems" [19].

Presently, the NHShas invested over£6.2 billion(whichindependent observers
claim will cost up to £30 billion) to put in place the National Programme for
Information Technology (NPflT), which is expected to deliver all management
serviceselectronically, likepatientbooking,serviceproviderchoice,prescription,
and information sharingbetweenthe primary, secondary and tertiary sectors. The
NPflT is by far the most ambitious project of the NHS in the fieldof information
systemsandKM.The NPfITis currentlyin its implementation stage, involving the
following six stagesaccordingto theNational Programme Implementation Guide,
2005 [20]:

o. Preparation for implementation. This must begin several months prior to the
startofthe implementation stageandconsistsofundertaking aseriesofactivities
thatensurethat localhealthcommunities (LHCs)are readyat an organizational
level. Activities in this stage should include an assessment of LHC maturity,
gathering high-level planning information, benefits realization planning, and
businessjustification.

1. Initiate. This includes sponsorship, resources, financial approvals, and other
commitments ending in a signed-offProjectinitiationdocument.

2. Local design. This has three elements: survey, local design (or tailoring of
national/local service provider design), and procurement. This stage may be
relatively short if a nationalapplication (e.g. "choose and book" or "electronic
transcription of prescription") is being implemented.

3. Prepare for go live. This includes the undertaking of those activities required
to prepare the process, people and IT environments for the deployment of the
new solution, including hardware and network upgrades, clinical risk checks,
data cleansing, testing, and training;

4. Go live.This includesthe activities requiredto progressa newlocal serviceand
the supporting systems, from test to live status are undertaken in a particular
location; this is also commonly referred to as "cut over" or deployment. This
stage may be relatively short.

5. Support. This includes the transition from users being directly supported by
the local implementation teams,handover, deployment verification acceptance,
and lessons learned.

TheDoHhasgivenconsiderable autonomy to localtruststoadoptandimplement
the abovestagesaccordingto their local requirements and needs.Hence, the NHS
appears to have made considerable strides in the area of KM and information
systems with introducing some of the most impressive initiatives in the field of
healthcaremanagement.

However, setting aside the strategies and implementation documents, there
seems to be a worrying degree of skepticism amongst the actual users regarding
their involvement in the design and implementation of the systems, and an
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apprehension that, as a result of this, the new strategies are doomed to failure.
For instance, when the Radio 4 File On 4 survey was conducted, only 7% of the
500 general practitioners (GPs) and hospital doctors felt that they had been "ade
quately consulted," and a further three-quarters of doctors were not confident that
the system will succeed [21]. The major danger of current HKM in the UK is that
there is increasing attention being paid to the sole IT element, without realizing
the importance of considering IT as an element of the wider system; and there is a
lack of perception of a holistic picture of how and where different initiatives fit in,
whereas the issue of HKM is endowed with extreme complexity and an effective
and holistic healthcare service is a synthesis of a myriad of considerations. It is
some of these apprehensions that Section 4.4 will tum to.

4.4 Analyzing Healthcare Knowledge Management: A
Case Study

This section explores some of the insights and findings that have come to light as
a result of a systems investigation on KM and information systems strategies of
a particular PCT in Yorkshire. Let us call it PCT-t. Funded by the Economic and
Social Research Council, this research project started as an initiative to inform
a cardiac informatics protocol in line with the National Service Framework for
Coronary Heart Disease [22], but it soon evolved to be a robust investigation into
health informatics and KM strategies for the local area, with specific attention to
NPfIT.

It was realized that, to approach the situation in a holistic manner, it is essential
to understand where PCT-I fits into the entire NHS system, and what kinds of
constraints and opportunities it receives under the DoH. The method adopted
to approach the situation was a VSM. Pioneered by Beer [23], and inspired by
neurocybemetics, VSM is a structural analysis of any organization (in the state of
a known-to-be viable system) to reveal its constituent parts and study how they
interact with one another. The VSM was designed by Beer as a generic model
which can be applied to any organization across time and space. He advocates that
this model sets out to explain how systems are capable of independent existence
due to the prevalence of fundamental laws of viability. The VSM is a structuralist
endeavor to study not the system per se, but the relationship between the constituent
systems.

VSM studies organizations in terms of five subsystems. "System 1" is the im
plementation system, where the actual operation of the organization takes place.
Therefore, there may be several Systems 1. Each System 1 has its own localized
management and deals with its own local environment. "System 2" is the coor
dination system, which is responsible for maintaining a harmonious balance of
functions between each System 1. "System 3" is the control system, which en
sures the optimal materialization of policies and goals in the subsystems of the
larger organization. There is also a "System 3*," which gives System 3 direct
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access to the operational level through the "Audit channel.""System 4" is the de
velopmentsystem, whichBeercalls the"biggest 'switch'" in the organization [24].
This systemis responsiblefor information passagebetweenSystem5 and theother
subsystems, as wellas for gatheringinformationfrom thecontingentenvironment.
"System 5" is the policy-making and executive unit of the VSM, which Beer calls
the"multimode,"an elaborateand interactiveintegration for managers[25].Based
on the urgency and necessity, System 2 will filter information before passing it
from System 3 to System 1. This link is called the "algedonic link." These five
systems follow the law of "recursion" throughout the subsystems, which imply
that all the five systemsexist and operate within each system. As Beer advocates,
VSM is a generic model, in the sense that a single person will play the role of all
five systems if an organizationis comprised of only one person.

A VSM for PCT-l was conducted in September 2005, by the author with a
performanceanalystfromPCT-I, withtheobjectiveto understandhowtheposition
of PCT-I within the NHS structure facilitatesor constrains its ability to take into
consideration user opinion and perspective in implementing new IT strategies,
which thereby impingesupon the effectiveness of the KM agenda.The VSM was
applied as a guide in facilitating a better comprehension of the position of PCT-l
within the larger NHS.

According to the DoH strategy, the NPfIT was designed to be implementedin
five waves, as below.

1 General Practice
2 PCT, Community, District Nursing, etc.
3 & 4 Acute/Maternity,
5 Ambulance.

The VSM referred to in this chapter was an initial attempt to understand the
PCT-l, and considers the DoH as the system in focus. The recursion levelswithin
the systemhavebeen studied in detail in subsequentVSMs.ConsideringPCT-l as
the primary implementation system for the DoH policies, the following systems
were identified.

System 1: PCT-l and other local PCTs.
System 2: does not exist; occasionallyfulfilledby System 3.
System 3: SHA.
System 4: Accenture/NHS local IT service.
System 5: DoH.

A VSM placing PCT-I as System 1 is given in Figure 4.2.
ThefourPCTsin theareawereidentified tobe theSystems1,theimplementation

system, named PCf-l, PCT-2, PCf-3, and PCT-4. It was found that responsibility
for implementation of the NPfiT strategies lies in the PCT level, where the PCTs
haveconsiderableautonomyoverhowtheychoose to deliverthe goalsof the DoH.

The coordinationsystem,System2, seemsto be a gray area, the reasonbeingthe
absence of any formal body to coordinate between the four PCTs. Coordination
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occurs at an ad hoc level and there is no formal practice of inter-Pf'T linkage in
this regard, apart from the fact that the Workforce Development team from the
PCTs meet in the SHA once every 8 weeks. The PCTs report to the SHA, but there
is no formalized body for coordination between them. They may share interests,
but overall they are autonomous. Hence, we concluded that there is no formalized
System 2, but the SHA occasionally plays this role.

System 3 is the control system. However, it was agreed that, in the present
context, the control systems may not be considered as "control" per se, but more
as a monitoring system. This function is fulfilled by the SHA, which oversees the
work of the PCTs. However, the SHA does not hold any decision-making power
over the PCTs. The SHA can only ask; it cannot demand.

System 4 is the "development" system, and this role is responsible for informa
tion passage between System 1 and the other subsystems, and gathers information
from the environment. Dealing specifically with the implementation of IT systems
within the NHS, it was agreed that the service provider for the region, Accenture,
usually fulfills the functions related to this. Along with Accenture, the NHS local
IT service also has a joint interest in the development function of the NPfIT, in
terms of passage of information between System 5 and the Systems 1. Accenture
and the NHS local IT service have direct communication with the PCTs.

System 5 is "policy," the highest level of decision making. This function is
fulfilled at the ministerial level at the DoH. The DoH commissions the services
and indicates the specifications, with some degree of flexibility, within which the
services are to be delivered.

From the above model, it was identified that PCT-l (System 1) operates as
an autonomous entity, with its own independent decision-making body. It deals
with its respective geographical area, i.e, Area-l. Each localized management has
a set of instructions which it receives, based on which it will instruct its opera
tional environment of actions. This is the "effector" function. From the operational
environment, activities are monitored and transmitted back to the localized man
agement. This is the "sensor" function.

The absence of a formalized coordination system means that there is no effective
communication or linkage between the peTs. Learning from any improvement in
one PCT probably does not get transferred to another. The only systems which bind
the PCTs are the payroll system, personnel records, and the informatics service,
which is central to all the PCTs. Coordination at this level is entirely in terms of IT.

The SHA is the monitoring body, but it does not control the functioning of
the PCT. The PCTs have been given autonomous roles on how NPfiT is to be
implemented. There is no audit channel (3*), as the SHA oversees the peTs
directly anyway. Therefore, there is disparity in the progress different areas are
making in this regard. Some PCTs are performance managing, some are in the
initial stages of developing a performance management system, and, in some,
performance management does not exist at all. PCT-l claims high standards in
performance management.

The PCTs have their own NPfiT targets, and delivery of these targets is PCT
based, not SHA based. The DoH just issues the directives of what is to be delivered
and the PCTs make their own decisions on how these will be delivered. For instance,
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the creation of a central electronic staff record was a DoH directive. To meet the
demands of such directives and improve IT literacy, PCT-l had recently invested
in a hi-tech training center.

Hence, in a way, it can be advocated that PCT-l is not controlled by any superior
body for the implementation of the NPfiT. The higher bodies only issue directives
and express a desire for what is to be implemented. Therefore, it is the responsi
bility of the PCT to design an effective strategy for involvement and stakeholder
participation in the implementation of the new system. The PCT should interact
with users, but there is no evidence that this is taking place.

The DoH had an anticipated time-frame for the desired implementation of NPflT,
within the constraints of time and resources. In this first wave/stage, user opin
ion was not given due attention, which bred skepticism of the new system and
clinicians' possessiveness of their old systems. In this stage, the DoH seemed to
perceive the new system totally in terms of IT, and overlooked the socio-political
and human dimensions of change and work culture. Therefore, the second wave
characterized "community focus groups," in which the individual local environ
ments of the respective PCTs were taken into account, enabling Accenture to
understand the complexity of the situation. A critical benefit from this was to illus
trate and reinforce the very localized and specific ways healthcare is provided to
a target population. Whilst services are similar in overview, their delivery differs
markedly between PCTs and their recipient public. It is believed that the NPfIT
solution will introduce uniformity without removing the flexibility with which ser
vices are tailored to their local communities. The community is itself a complex
phenomenon, and it differs from PCT to PCT. The local factors and services of
each PCT are different. Issues around social services and child welfare and their
relation to civil society have not yet been addressed. This is a muddy area and
full of complex issues that need clarification. It would be easier to indicate that
many PCTs host services such as Sexual & Reproductive Health, Dentistry, and
Prison Health, etc., some of which may be included in the initial NPflT provision;
however, there are areas where there are provisions which are out of the scope of
the NPflT program, e.g. the armed forces.

When the DoH issues its directives, it also allows a degree of flexibility, with
the core element (e.g. the patient identifier) remaining intact. The flexibility may
include the decision of the PCT of how to record patient information and make this
available to other clinicians. Accenture and the NHS local IT service are respon
sible for consideration of the environmental factors and the hardware/software
element of the new system. Accenture shares an interest with PCT-l in the imple
mentation of the NPflT. Accenture and the NHS local health, informatics service
are answerable to the DoH for the delivery of services.

The "algedonic link," which transmits information directly from System 1 to
System 5, based on urgency, may be activated in this situation if the IT security
system in the PCT is threatened by hacking or other failure. Action to rectify any
such fault may be directed directly to Accenture or the NHS local IT service.

The VSM analysis carries a mixed message about the level of consistency and
standardization of the implementation of the NPfiT. The technical and human
dimensions have been treated as entirely disparate concepts, with the assumption
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that, once a technology strategy is imposed, people will automatically adapt to it.
Hence, although the DoH appears to grant flexibility to the PCTs to the manner
in which they choose to implement the NPflT in terms of local needs and user
perspective, this is just pseudo-flexibility, as the DoH already has an established
model of a high-tech information systems project, which it aspires to put in place.
This has resulted in the end users in PCT-I being left isolated and feeling imposed
upon by the grand plans of the DoH.

The above opinion is reinforced by findings from questionnaire surveys that
were being conducted amongst practice managers and GPs in the PCT-I area.
The objective of these surveys was to throw light on the level of awareness and
involvement of clinicians and grass-roots-Ievel management in the NPfiT.

Twenty-seven questionnaires were sent out to GPs and nine responses were
received. All the GPs who responded indicated that they have not been involved
in the planning and design of the NPflT, and only one GP felt that the NPflT
will work as per the expectations of the DoH. There was one GP who was not
even aware of the NPfiT until they received the questionnaire. In answers to the
open-ended questions, whilst many GPs anticipated a good service support from
the NPflT, critical comments were also featured, and one GP commented that they
are not confident that the system will work, and anticipates the system to be "beset
with huge problems." Another GP commented that they did not know how the new
system will impact on the quality of services. The main issue that was featured in
most of the responses was that the system ought to be user friendly if it has to gain
acceptance amongst clinicians, and patient confidentiality was noted as a priority.
However, GPs do feel "pressurized" to shift to new systems all the time. Other
interesting comments noted were that NHS IT strategies are a "waste of money"
and are "laudable but impractical."

Similarly, 27 questionnaires were sent out to practice managers and 16 responses
were received. Of these, only five felt that they have been involved in the design
and implementation of the NPfIT, and 11 felt that they were not. In response to
the open-ended questions, there was generally good anticipation from how the
NPfIT will change the manner in which information is shared at present. Whilst
practice managers did agree with the potential benefits that may be derived from the
NPflT, some answers did reveal issues of concerns as well. One of the interesting
comments was skepticism with the change in the system, when GPs already feel
committed to paper records. The issue that was mainly featured is the availability
of adequate training to use the new system.

4.5 Afterword

The above investigation into the KM and information systems strategy of the NHS
carries a mixed message for such strategies. The case study of PCT-l depicts a
road map towards an ambitious system which will be of tremendous assistance to
addressing issues like maintaining information consistency, avoiding duplication,
timely information sharing, and reduction of medical errors, carrying the message
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that a sound IT support strategy is not only desirable, but also necessary. And
taking this into consideration, it is commendable that the NHS has a strategy
which has the ability to address the issues mentioned above.

However, as this chapter demonstrates, the basis on which this strategy is
founded creates a separation of the human and technological dimensions as two
disparate aspects to be designed and delivered in isolation. This is asystematic,
but not systemic, approach, with dangerous consequences. Whereas a systematic
approach would break down the organization into departments and strategies into
disparate chunks and approach them part by part, a systemic approach will look at
the problem situation as a whole and attempt to understand not only how the dif
ferent dimensions interact with each other, but also how the whole system evolves
as a result of it.

The requirement is that of an effective "combination of human and computer
based resources that results in the collection, storage, retrieval, communication
and use of data for the purpose of efficient management of operations ... " [26].
In this quotation, it is crucial that we understand that what is important is both
the human and the technical element, hence the "combination" of "human" and
"computer-based" resources. The management of knowledge does not parallel the
management of information. Whereas the latter may be achieved by adequately
placed hardware and software, the former may be attained only by understand
ing how humans establish a working relationship with the organizational and IT
provisions, within the climate of organizational activities.

Therefore, this chapter may be concluded with the opinion that there have been
promising developments in the area of information-systems-enabled knowledge
management in the UK healthcare sector, but there have been pitfalls as well. How
ever, the recognition of such issues is the first step towards resolving them. And
as it has been emphasized in this chapter that this should be regarded as an iter
ative process designed for continual learning. A systems perspective to approach
and comprehend situations can enable a holistic understanding of integration of
initiatives, inclusion in stakeholders, and an attempt towards greater effectiveness
of organizational strategy making.
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5
Medical Technology Management
in Hospital Certification in Mexico

MARTHA R. ORTIZ POSADAS

5.1 Introduction

Mexican health policy is promoting the quality of health services by hospital certifi
cation meeting the NMX-CC standards family, which is the Mexican equivalent of
the ISO 9000 standards family. These standards can help both product- and service
oriented organizations achieve standards of quality that are recognized and re
spected throughout the world in developing a quality management system (QMS).

In hospital certification, one important aspect to beevaluated is the availability of
technical supplies. In this sense, the incorporation of technical support services into
healthcare organizations has become very important. That is why many hospitals
in Mexico, both public and private, have incorporated into their organization a
Biomedical Engineering Department (BED) with the purpose of integrating all
engineering and management processes for assurance of the optimal use of all
technological supplies in the hospital, helping in the quality of health services
provided to patients.

The purpose of this study is to show how the medical technology management
done by the BED at the hospitals contributes both to health services quality and
as an element required for certification. In general, it describes several projects
developed in different hospitals (public and private) with different health levels
in Mexico City. Each of them contributed to the certification of different clinical
processes.

5.2 ISO 9000 Certification

ISO standards are voluntary. As a nongovernmental organization, ISO has no
legal authority to enforce their implementation. Some ISO standards (mainly those
concerned with health, safety, or the environment) have been adopted in some
countries as part of their regulatory framework, or are referred to in legislation for
which it serves as the technical basis. Such adoptions are sovereign decisions by
the regulatory authorities or governments of the countries concerned; ISO itself
does not regulate or legislate. However, although ISO standards are voluntary, they
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may become a market requirement, as has happened in the case of the ISO 9000
QMSs. By QMS we understand a management strategy that is characterized by:
a focus on process management; a focus on quality, based on the participation
of all members in the organization; getting profit through client satisfaction and
providing benefits to all members in the organization and in the society.

For governments, international standards provide the technological and scien
tific bases underpinning health, safety, and environmental legislation. For con
sumers, conformity of products and services to international standards provides
assurance about their quality, safety, and reliability. For customers, the world
wide compatibility of technology that is achieved when products and services are
based on international standards brings them an increasingly wide choice of of
fers, and they also benefit from the effects of competition among suppliers [1].
In this sense there are some important quality management principles: customer
focus, leadership, involvement of people, process approach, system approach to
management, continual improvement, factual approach to decision making, and
mutually beneficial supplier relationships.

In particular, the process approach (from procedures to processes) is based on
the following principles:

• identifying processes needful for the QMS;
• demonstrating the ability of processes to achieve planned results and monitor,

measure, analyze, and improve them;
• developing information on characteristics and trends of processes;
• top management reviewing process performance and improving effectiveness;
• greater effectiveness when activities and resources are managed as a process;
• more customer focus;
• more cost effective;
• meeting business objectives,

5.3 ISO 9000 Family and its Mexican Equivalent
NMX-CC

The term ISO 9000 refers to a set of quality management standards. ISO 9000
currently includes three quality standards: ISO 9000:2000, ISO 9001 :2000, and
ISO 9004:2000. The ISO 9000 2000 standards apply to all kinds of organizations
in all kinds of areas and present the requirements, whereas ISO 9000:2000 and ISO
9004:2000 present the guidelines. All of these are process standards (not product
standards).

This approach is based on the development of a QMS that meets the new quality
standard, in order to control or improve the quality of your products and services,
to reduce the costs associated with poor quality, or to become more competitive,
or because your customers expect you to do so, or because a governmental body
has made it mandatory. You then develop a quality management system that meets
the requirements specified by ISO 9001:2000.
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Continuous Improvement of Quality Management System
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FIGURE 5.1. The process-based approach for improving QMS.

In Mexico, the ISO 9000 2000 family have been translated by the "Spanish
Translation Task Group," providing the Mexican standards NMX-CC, a set of
standards to assist any organization with implementing a management quality
system. In this study we just use the following Mexican standards:

• NMX-CC-9000-IMNC-2000. Quality Management System. Concepts and Vo
cabulary [2]. This describes the fundaments and specifies the terminology for
theQMS.

• NMX-CC-9001-IMNC-2000. Quality Management System. Requirements [3].
This specifies the requirements for the QMS for any organization which needs
to demonstrate its capability to provide products that comply with the legal and
their clients' requirements, in order to improve their clients' satisfaction.

Figure 5.1 shows a process-based QMS approach using the Mexican set of
standards NMX-CC. It shows the links between all parts involved with the inputs to
the system and the main role the clients have in determining the input requirements.

5.4 Quality in Health Services: A National Policy

The National Crusade for Quality in Health Services is a government policy de
veloped by the Health Ministry of Mexico. Its purpose is to lead to more effec
tive medical services in all Mexican health institutions [4]. This policy proposes
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elevating qualityin healthservicesand standardizing it throughout thecountry. To
achievethis purpose, the policyhas beendeveloped through10statements. Oneof
theseconcernsthe certification of organizations and individuals. This actionhelps
public and private institutions improve the satisfaction of both the personnel and
the customers (patients). It reduces heterogeneity in the quality level among dif
ferent typesof healthservice,whetherpublicor private,throughout thecountry. In
addition,the population willgain an improvedperception about the qualityof ser
vices with veridical information, whichallowspeople's trust in the health system
to be raised. Likewise, it will look to incorporating the populationin supervision
of quality health services.

5.5 Importance of Technology Management in Hospital
Certification

ManyhospitalsinMexicoCityhavebeenworking tocomplywiththerequirements
of theMexicanstandards NMX-CCinordertobecomecertificated. Thisprocedure
certificates each clinical service (in an individual way), which is consideredas a
process by the standard. In this sense, hospitals must developthe requireddocu
mentation for all procedures related to each process, including clinical, technical,
and administrative aspects.

With regard to technical aspects, the department generally in charge of the
medical technology management at a hospital is the BED. Its main functions are
medical equipment maintenance (preventive and corrective), medical equipment
assessment, training, security, and risk management. However, the most important
function thatdemandsmostof the technical personnel'stime is medicalequipment
maintenance [5]. It is clear that all these activitieshave the objective of assuring
optimal functionality of the available medical technology at the hospital. In this
way, the technology management turns into a fundamental element in hospital
certification, andthusall theservicesandprocedures relatedtomedicaltechnology
management provide by the BED must also comply with the Mexican standards
family NMX-CC.

In what follows, we will describe some projects developed in different hos
pitals in Mexico City related to different clinical services (processes) where the
BEDdeveloped severalmanualsabout specific proceduresfor medicalequipment
management in order to contributeto the certification of these services.

5.5.1 Project 1: Guaranty Quality Program for
a Radiology Service

Project 1 [6] was developed in a secondary care private hospital with 125 beds.
This hospital had implemented a guarantyquality program, based on the NMX
CC-9001-IMNC-2000 standard. It was developed specifically for the manage
mentof radio-diagnostic equipment. Thisprogramincludesprocedures concerning
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physical inspection and equipment functionality according to the manufacturers'
technical specifications, as well as quality control tests. Afterwards, the tests were
applied according to the Mexican official norm NOM-158-SSA-1996 related to
technical specifications for diagnostic medical equipment that uses X-rays. Pre
ventive maintenance tests were developed. These included physical, mechanical,
and electrical aspects for monitoring the most significant functionality parameters
in the equipment, in order to assure their stability as a function of time. Qual
ity tests were also developed. These evaluate functionality parameters with the
objective to get a reference value (control value). These parameters were: focal
point, exposure time, performance, field coincidence, center coincidence, fuzzy
alignment, exposure rate for conventional fluoroscopy, and dose in breast tumor
radiation. Both preventive maintenance and quality tests were applied to 12 items
of radio-diagnostic equipment (which included X-ray, CAT,mastograph, and fluo
roscopy equipment) at the hospital during three consecutive weeks. Failures were
detected in some equipment, and the optimal functionality of other equipment was
probed.

5.5.2 Project 2: Medical Equipment Maintenance Quality
Plan for a Biomedical Engineering Department

Project 2 [7] was developed in a 125-bed private hospital that decided to implement
a QMS based on the NMX-CC-9001-IMNC-2000 standard. The purpose was to
assure the quality of the health services provided to their patients. The hospital
developed a quality manual that provides information about the quality plans.
These plans are documents that specify the facilities and activities necessary to
realize the health processes in an effective way.

On the other hand, the hospital's BED has the function to maintain the medi
cal equipment in optimal condition. That is why the objective of this study was
to develop a quality plan (based on NMX-CC-9001-IMNC-2000) containing the
process related to this activity, in order to support the implementation of a QMS
and the certification of three specific health services at the hospital, namely pathol
ogy, clinical laboratory, and blood bank. Moreover, this quality plan also provides
the necessary information to enable the technical personnel to carry out the main
tenance process on the medical equipment.

First, we identified three processes related to maintenance. (1) Revision rou
tines, which corresponds to visual and functionality inspection of hospital facil
ities and medical equipment done in a scheduled way. This requires diagnostic
instrumentation, simulators, and noninvasive tests, such as fluids level analysis,
temperature, and pressure tests. (2) Preventive maintenance, which is defined as
a programmed serial inspection of functionality, security, and calibration real
ized in regular periods. The purpose is to avoid failures in medical equipment
and enable hospital facilities to operate at optimal levels of efficiency. (3) Repair,
which covers activities such as spark replacement, component adjustment, recon
ditioning, etc. whose purpose is to restore the normal function, performance, and
security of the equipment in the least possible time. It is important to say that the
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equipmentmaintenance could be done by technical personnel from the hospital
BEDor by externaltechnicalpersonnel,dependingon the technical complexity of
the equipment.

Thequalityplandeveloped inthisstudy'containsthegeneralprocedureto realize
eachprocesswitha flow diagramshowingthe graphicsof the process.Likewise, it
points out the registerform (serviceorder,revisionprocess,etc.) requiredin each
case.

5.5.3 Project 3: Procedures for the Right Use and
Management ofMedical Technology Utilized
in Minimal Invasive Surgical Procedures

Project 3 [8] was developed in a privatehospital with 100 beds. It has a surgical
areaconsistingof 12surgical rooms.Fiveof thesehaveendosuites, surgical suites
designed to create the optimal operatingenvironment for the surgeon, staff, and,
most importantly, thepatient.Todayit is themostversatileroomdesign,andserves
a large number of minimally invasive procedures (endoscopy, laparoscopy, and
arthroscopy) [3].Thesystem'sfunctions andimagesaredisplayedonmultifunction
flat-panel monitors,whichare also capableof showingimages.

The purposeof this studywasto developa procedures manualaboutthe use and
management of the medicaltechnology utilizedin minimallyinvasive surgeriesat
the hospital, in order to provide information about the adequate management of
the equipment to the technical personnel from the DIB and adequate use of this
equipment for the medical personnel, as well as to contribute to the certification
of the surgicalprocess.

The procedures were generated by clinical·and technical information. The
methodology for obtainingand organizing these procedures is describedbelow.

1. Identification of the types of minimally invasive surgerydone in the hospital.
They wereclassified into fivemedicalcategories: gynecology, generalsurgery,
thoracic,orthopedics, and otorhinolaryngology.

2. Identification of the medical technology used in each surgery. Six technology
sets weredefined, according to the medicalcategoriesidentified. In the case of
orthopedics, this requires two different technology sets, i.e. one for shoulder
surgeryand other for knee surgery.

3. Weconsulted 16technicalmanualswith the purposeof obtainingthe technical
specifications of theequipment, as wellas themanufacturers'recommendations
for the use and management of the equipment.

4. Fourteen technical schedules were developed with the next information: (a)
description of the equipment(including alarms); (b) physical inspection proce
dure; (c) management of the equipment (washing, sterilization (if necessary),
warehoused, andcare); and(d) warnings andprecautions. This information was
incorporated in the procedurein order to provide the technical elementsabout
the functionality of the equipmentto the technicalpersonnel from the BED.
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5. Six generic procedures about the use and management of electronic devices
and medical equipment used in each minimally invasive surgery identified were
elaborated. It is important to say that biomedical engineering helps the physi
cian in all the procedures related to the minimally invasive surgeries done at
the hospital. In this sense, the procedures included in the manual will be an
instrument for technical and medical personnel for learning the adequate used
of the medical technology, and so the optimization of the resources and the
technical capability of the hospital.

The procedures developed here are actually incorporated into the documenta
tion of the management quality system of the hospital. This system provides the
regulation for optimal functionality of all services (medical and administrative)
from the hospital.

5.5.4 Project 4: Procedures for Maintenance and Risk
Management for Medical Equipment at a Research
Center ofInfectious Diseases

Project 4 [9] was developed at the National Health Institute in its Infectious Dis
eases Research Center (CIENI). The center works with the human immunodefi
ciency virus, Mycobacterium tuberculosis, influenza virus (H5Nl) and the SARS
corona virus. It has three laboratories designed with the necessary bio-safety stan
dards, levels BSL2 and BSL3. The laboratory equipment has two kinds of con
tact with the infectious agents, namely directand indirect. For example, pipettes
have direct contact and C02 incubators have indirect contact because the virus
is in Petri boxes. That is why the technology requires specific management and
control.

The objective of this study was to develop preventive maintenance procedures
for the laboratory equipment present in this center, involving aspects about risk
management and quality control. The importance of these kinds of procedure is
that activities related to the maintenance and the sanitation procedures attending
bio-safety should decrease the biological risk for technical personnel. In this sense,
the partial goals of this study were to provide to the technical personnel from the
BED the bio-safety procedures necessary for minimizing biological risk during
the execution of work:

• A complete preventive maintenance procedure for each specific piece of equip
ment.

• Technical and quality specifications required during the execution of the main
tenance procedures and equipment calibration.

• Minimization of equipment failure, assuring continuous operation of the equip
ment and extending its useful time.
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• Contribution to the certification process of severalclinical and research labora
toryprocessesat thecenterbycomplyingwiththe Mexican standardMX-NMX
CC.

Therewere 13piecesof equipmentselected: (1) twodoorssterilizer, (2) analyti
cal digitalbalance,(3) extraction bench,(4) laminarflux bench,(5) centrifugeand
micro-centrifuge, (6) refrigerated centrifugeand ultracentrifuge, (7) laser diffrac
tion particle-size analyzer, (8) C02 incubator, (9) microscope, (10) pipettes, (11)
digital potentiometer, (12) refrigerator, (13) ultra-freezer.

The procedures were structuredas follows:

1. Introduction. This includesgeneralinformation about the featuresof the differ
ent research laboratories at CIENI.

2. General andsecurity rules. These providethe securityprocedures requiredfor
access to the center and for equipmentmaintenance.

3. Procedure for preventive maintenance. Each procedurecontains the following
information: maintenance periodicity, securityprocedures (the securityequip
ment requiredfor doing it), maintenance procedure(including generalexternal
cleaning, external inspection, internal cleaning, internal inspection, lubrica
tion, spare parts replacement, calibration, revision of electrical security, and
full functionality tests).

4. Equipment, toolsand spare parts. This sectionprovidesinformation about the
tools and spareparts necessaryfor carryingout preventive maintenance on the
equipment, as well as consumables for the operationand calibration.

5. Quality control. Someactionsrecommended for qualitycontrolwere included,
such as: a daily registerof parameters (temperature, pressure,humidity, etc.) in
order to monitortheir fluctuations; instrumentation necessary for maintenance,
certificated by the MexicanEntity of Accreditation [10].

6. Registrationform. Thisformincludesgeneraldataabouttheequipment(generic
name, trademark, model, serial number, inventory number, and the clinic area
whereit isplaced),periodicity of themaintenance, thereportof thefunctionality
tests, electrical security, and calibration.

Furthermore, there three appendices were incorporated: AI. Cleanersand lubri
cators, A2. Disinfectors' substances, and A3• Proceduresin accidentcases [11].

5.6 Conclusion

This study had described four different projects related to medical technology
management developed byBEDsindifferenthospitalsinMexicoCity. Theprimary
objective of all these projects was to provide knowledge about the maintenance
procedures and quality control tests to the technical personnel to carry out their
jobs and to contribute to the certification process by the NMX standards for the
clinical servicesat the particularhospital.



5. Medical Technology Management in Hospital 63

This study shows the importance of having documented procedures related to
the management of medical technology in order to optimize the technical facilities
available in the hospital, as well as for the certification.

In Mexico, hospital certification is a new process, and projects developed in this
way will be very important in the hospital environment in order to guarantee the
quality of the clinical services provide.
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6
Healthcare Knowledge Sharing:
Purpose, Practices, and Prospects

SYED SIBTE RAZA ABIDI

6.1 Knowledge Sharing

In knowledge management parlance, knowledge sharing can be regarded as a
systematically planned and managed activity involving a group of like-minded in
dividuals engaged in sharing their knowledge resources, insights, and experiences
for a defined objective. The objective of knowledge sharing may span from orga
nizational learning, to collaborative problem solving, to peer support to capacity
building. These objectives entail the explication of knowledge and facilitating its
flow throughout a community of practice, i.e. a group of individuals who share
a common interest, need, or enterprise towards the knowledge being shared. In
a knowledge sharing set-up, the overall available knowledge is perceived as the
collection of individual knowledge resources such that the entire knowledge re
source is viewed as a community-owned commodity [I]. The dynamics of knowl
edge sharing are complex, involving an active interplay between an assortment
of determinants, such as culture, community, incentives, medium, context, needs,
motivation, facilitation, outreach, ubiquity, and, most importantly, trust [2].

Current knowledge management themes focus on the pragmatic effects of
knowledge sharing resulting in the reuse of the knowledge by knowledge workers
[3]. Advances in information and communication technology have led to the design
of innovative knowledge-sharing environments and programs, whereby geograph
ically dispersed individuals are virtually accessible to meet, collaborate, create,
and share knowledge [4,5]: the Internet as a knowledge-sharing medium is a case
in point [6]. Knowledge sharing, therefore, is not just an activity, but in itself is a
knowledge resource.

Healthcare is knowledge rich, yet healthcare knowledge is largely underutilized
due to various operational and functional barriers to knowledge flow and use, es
pecially at the point of care [7]. Healthcare knowledge is generated at a significant
rate and is represented in a variety of modalities, ranging from research-based
publications, to problem-based discussions, to experience-based insights. More
so, healthcare knowledge is created and consumed by a wide range of multidis
ciplinary healthcare stakeholders-including healthcare practitioners (specialists,
physicians, nurses, therapists, etc.), administrators, policy makers, patients, care

67
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providers, support groups, and community-based healthcare workers-for a range
of healthcare-related tasks.

Over the last few years there has been an increased interest in investigating
the nature and utilization of healthcare knowledge through the lens of knowl
edge management theories, methodologies, and technical frameworks [8-10]. In
essence, healthcare knowledge management is about the creation and utilization
of healthcare knowledge to improve the quality of patient care. Yet, this rather
simplistic objective is quite complex to achieve because healthcare knowledge
management needs to support and coincide with the temporal evolution of the pa
tient and the corresponding care processes. Healthcare knowledge management,
therefore, needs to deal with: (i) heterogeneous healthcare knowledge modalities;
(ii) a variety of knowledge resources; (iii) a range of knowledge-driven health
care processes that need to modulate with the changing operational environments;
(iv) a range of healthcare knowledge stakeholders with diverse capabilities, orien
tations, terminology, needs, and expectations; (v) dispersion of knowledge across
different individuals, departments, and institutions; and finally (vi) clinical situ
ations that are unique and hence demand specialized manipulation of the health
care knowledge. This makes healthcare knowledge management both challenging
and yet fulfilling, because there is the potential to design, develop, and deploy
healthcare knowledge management solutions that can really impact patient care
[11,12].

In the realm of healthcare knowledge management, the aim of healthcare knowl
edge sharing is to establish a knowledge-centric healthcare system, whereby health
care stakeholders are able to seek and share both existing and new published and
unpublished knowledge resources in a timely manner with respect to their im
mersed contexts. This presents an interesting set of challenges, because both the
activity of knowledge sharing and the knowledge being shared need to respond
systematically to the ever-changing knowledge needs of an evolving clinical sit
uation whilst satisfying circumstantial constraints, such as: (i) operational work
flows/protocols; (ii) proliferation of new knowledge at a rapid rate; (iii) abundance
of knowledge resources; (iv) diversity of access mediums; (v) applicability of and
trust in the shared knowledge, where both these elements largely depend on the
knowledge consumer's capability and orientation; and finally (vi) the presence (or
not) of a knowledge-sharing culture. Notwithstanding the complexity of health
care knowledge sharing, the current state of knowledge management practice and
technology is mature enough to be leveraged to formulate effective healthcare
knowledge-sharing strategies and frameworks to bridge the perceived knowledge
gaps within the healthcare system [13].

In the backdrop of the abovementioned healthcare knowledge management
environment and knowledge-sharing considerations, in this chapter we define
healthcare knowledge sharing and distinguish the different types of healthcare
knowledge-sharing practices (Section 6.2), propose a novel healthcare knowledge
sharing framework to assist in specifying knowledge-sharing solutions (Section
6.3), highlight prevailing healthcare knowledge-sharing activities by characteriz
ing them based on our unique extension to Nonaka's knowledge creation model
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(Section 6.4), and finallyconclude with a future outlook of healthcare knowledge
sharing (Section 6.5).

6.2 Healthcare Knowledge Sharing

Healthcare knowledge sharing can be characterized as the explication and
dissemination of context-sensitive healthcare knowledge by and for healthcare
stakeholders through a collaborativecommunicationmedium in order to advance
the knowledge quotient of the participating healthcare stakeholders. Healthcare
knowledgesharing is practicedfor a varietyof reasons, includingclinical decision
making,patienteducation vis-a-vispatientempowermentprograms,practitioner's
education and experienceenhancement,translationof knowledgeto practicesand
vice versa, healthcarepolicy making, clinical protocol and guideline formulation,
public health and community support for patients, capturing care-giver perspec
tives and feedback about practices and outcomes, and disseminating clinical
research findings.

The aim of healthcare knowledgesharing can be characterizedas:

1. Toprovideefficientand focusedaccessto evidence-based knowledgeresources,
either by directly guiding the user to the knowledge artifacts or by providing
peer recommendations to help find the relevant knowledgeartifacts.

2. To explicate and share the "unpublished" intrinsic experiential know-how, in
sights, judgments, and problem-solving strategies of stakeholders to comple
ment evidence-based knowledge.

3. Toestablisha culture for collaborationbetween like-mindedstakeholdersin or
der to stimulatecollaborativelearning,atypicalproblem-solving, practiceeval
uation, critical appraisal of evidence, practices and outcomes, leveragingpeer
experiences and knowledge, and feedback solicitation on practices and policies.

Healthcare knowledge sharing practices can be formally characterized as fol
lows:

1. Artifact-mediated knowledge sharing involvesthe sharingof healthcareknowl
edgeeither through an artifact (suchas a researcharticle,clinicalpracticeguide
line, or a clinical document) or around an artifact. In the former case, the arti
fact servesas the knowledgeobject being that can be shared/retrieved througha
knowledgerepository (such as PubMedor Cochrane),or the artifactcan be ex
changed through a communicationchannel, e.g. e-mail, between stakeholders
havinga common interest. In the latter case, the artifact servesas the focalpoint
for a critical discussionbetween interestedstakeholders,and it is the canonical
knowledge explicated through such discussions that serves as the knowledge
object that is shared within a larger community of stakeholders. In both the
abovementioned cases, theartifactservesas thestimulusforknowledgesharing.

2. Experience-mediated knowledge sharing involves the articulation and sharing
of clinical, operational, and even psychosocial experiences, insights, and
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know-how about a particular healthcare topic. Healthcare stakeholders, orig
inating from different backgrounds and expertise levels, engage, collaborate,
and share their intrinsic knowledge and extrinsic work practices to address
a specific healthcare issue through a communication medium, e.g. an online
discussion forum or e-mail exchanges. To guide the knowledge-sharing
activity, the healthcare topic serves as the focal point for the exchange of
knowledge, whereas the explicated experiential knowledge (withholding a
diversity of opinions and perspectives from a variety of stakeholders) serves as
a tangible and sharable knowledge object that ultimately enriches the overall
knowledge quantum around the healthcare issue.

3. Resource-mediatedknowledge sharing involves the identification of knowledge
resources as a by-product of actual knowledge-sharing activities between
healthcare stakeholders. In this case, actual sharing of knowledge objects
does not take place; rather, as context-sensitive knowledge is being shared,
the associated knowledge resources (e.g. domain experts, contact persons,
knowledge brokers, websites, discussion forums, knowledge artifacts, etc.)
are identified, registered, and shared as potential sources of knowledge for a
specific healthcare issue.

In healthcare, knowledge sharing is a necessity and a common practice, albeit it is
conducted in a rather ad hoc manner [7]. In routine practice, healthcare knowledge
sharing transpires during problems-solving conversations between healthcare col
leagues about: a clinical case at hand; joint critical appraisals of a research article,
clinical situation, clinical guideline, or administrative policy; group-based formu
lations of a clinical guideline or workflow; referrals to a subject specialist, pub
lished evidence, and reviews; and provision of therapeutic or health maintenance
information to patients (or their care givers). Typically, these knowledge-sharing
activities are orchestrated in an uncharted and informal manner and spanning a
limited period over which the healthcare issue is under consideration. Notwith
standing the success of such ad hoc healthcare knowledge-sharing activities, the
reality is that, most often: (a) the knowledge-sharing community (i.e. both donors
and seekers) is not sustained for future knowledge-sharing activities; (b) the knowl
edge created and shared during the process is not necessarily recorded for future
reference purposes; (c) the knowledge-sharing medium is not maintained for fu
ture knowledge-sharing exercises; and (d) the knowledge-sharing culture is not
promoted and consolidated. This brings to relief the need for technology-enriched
knowledge-sharing frameworks that can handle the sharing of different healthcare
knowledge modalities in a timely, ubiquitous, and sustained manner [11,14].

6.3 A Healthcare Knowledge-Sharing Model

To conceptualize healthcare knowledge-sharing frameworks we need a high-level
abstraction of the determinants of healthcare knowledge sharing (i.e, a generic
model that identifies and relates the determinants of healthcare knowledge sharing)
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Healthcare
Knowledge Modalities

FIGURE 6.1. The LINKS model for healthcare knowledge sharing, highlighting the rela
tionship between the conceptual, operational, and compliance levels.

in order to characterize and validate the functional and operational characteristics
of a problem-specific knowledge-sharing solution.

We present a novel healthcare knowledge-sharing model named LINKS (Lever
aging Internet-based Knowledge Sharing) illustrated in Figure 6.1. The LINKS
model characterizes healthcare knowledge-sharing solutions at three interrelated
levels, i.e, conceptual, operational, and compliance. The conceptual level predi
cates knowledge sharing as a function between three elements: healthcare knowl
edge, knowledge-sharing context, and a knowledge-sharing medium. The opera
tional level addresses functional issues in terms of technical infrastructure design
metrics , and occupational issues in terms of strategies to establish a culture ofcol
laboration between stakeholders. The compliance level addresses the underlying
issue of perceived trust in the validity of the knowledge being shared [15], which
is the ultimate measure of the success of the knowledge-sharing activity and the
operational efficacy of shared knowledge.

6.3.1 Healthcare Knowledge Modalities

To conceptualize healthcare knowledge sharing it is important to have a sense
of the diversity of the healthcare knowledge modalities that exist and need to be
shared between the stakeholders. We know that, typically, healthcare knowledge
is broadly differentiated along the lines of explicit and tacit knowledge [16-18] .
Explicit knowledge is codified knowledge represented by information in journals,
clinical pathways, protocols, and procedures [19], and it describes how things
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shouldwork. Tacit healthcare knowledge is the nonformalized innate knowledge
of practitioners and embodies their experiential know-how, skills, and intuitive
judgment about whatreally worksand how to make it work [20,21].

Given the variety of objectives and practices for healthcare knowledge shar
ing, we have further characterized healthcare knowledge into more specialized
knowledgemodalities to pursue highly focused knowledge-sharing activities.For
knowledge-sharing purposes, the characterization of healthcare knowledgespans
from tacit knowledge, to experiential knowledge, to explicit knowledge, to data
inducedknowledge. More specifically, the differenthealthcareknowledgemodali
tiescan be identifiedas: (a) the tacitknowledgeofpractitionersin termsofproblem
solving skills,judgment, and intuition; (b) practitioners' clinicalexperiences(both
recorded and observed) and lessons learnt through practice; (c) collaborative
problem-solvingdiscussionsor consultationsbetween practitioners;(d) published
medical literature and clinical practice guidelines; (e) operational knowledge in
terms of clinical protocols and pathways; (f) medical education content for prac
titioners; (g) patient-specific educational interventions; (h) psychosocial support
and rehabilitationdiscussions between patient groups; (i) formaldecision-support
knowledgeencapsulatedas symbolicdecision rules obtainedfrom domainexperts
and/or decision models induced from data; 0) social networks involvingmembers
of a community of practice highlighting their communication patterns, interests,
and maybe even expertise; and (k) data-mediated knowledge derived by mining
healthcare data on clinical observations, diagnostic tests, and therapeutic treat
ments recorded in medical records and stored in a clinical data warehouse.

6.3.2 Healthcare Knowledge-Sharing Context

Healthcareknowledgesharingtakesplacewithinacontextwhichepitomizes(a) the
topic (or subject) of the shared knowledge, (b) the motivation for knowledgeshar
ing, (c) the temporal relevance of the shared knowledge,and (d) the orientation of
the multidisciplinarystakeholder(s)engaged in the knowledge-sharing exercise.

.Let us establish the relevance of context in knowledge sharing. A rich
knowledge-sharing activityrealizesacompendiumof wisdomvia thegradualaccu
mulationof validatedhealthcareknowledgecontributedfrom a varietyof sources.
Despite the availability of this accumulated knowledge, during any knowledge
sharing exercise the stakeholders tend to carefully observe, align, and validate the
availableknowledgeand thenselectivelyuptakethe mostrelevantknowledgebased
on their immersedcontext. In thiscase, the spectrumof knowledge-sharing context
entails the stakeholder's needs (e.g. a current clinical case), interests, consump
tion capacity (e.g. degree of specialization), professional dispositions, personal
preferences, operational applicability, and degree of trust towards the knowledge.
What makes healthcare knowledge sharing so interesting is the diversity of con
texts associatedwith a single knowledge-sharing exercise: i.e, differentstakehold
ers may view both the available knowledge and the knowledge-sharing exercise
from different perspectives; different stakeholders may pursue the same body of
knowledge to satisfy their unique needs, motivations, outcomes, and experiences;
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and the stakeholder's eventual uptake and operationalization of the knowledge
may depend on their idiosyncratic professional and personalcircumstances.

To understandhealthcare knowledge sharing, especiallyfor designing and im
plementingknowledge-sharing programsor technicalframeworks, it is important
(a) to specify the constituents of context vis-a-vis knowledge sharing and (b) to
incorporatethem as part of the functional specifications of the knowledge-sharing
programor environment. Weproposethatcontextcan be definedas a tuple {topic,
motivation, temporalrelevance, stakeholder}, whereeach elementmay havea do
main of values and the combination of these values leads to the specification of
differentcontexts.The elements of context are described in detail below.

6.3.2.1 Topic

Knowledge is classified in terms of real-worlddomains and within a domain it is
identified by the domain-specific topic (or subject).For establishingthe contextof
knowledge sharing, one needs to determine what the knowledge is about, i.e, the
topic or subjectof the shared knowledge within a certain knowledge-sharing pro
gram/environment. The determination of the knowledge-sharing topic may range
from quite generic to extremely specific topics, depending on the objectives set
by the stakeholder initiating the knowledge-sharing activity and the intendedau
dience.

In designinga healthcareknowledge-sharing program/environment it is imper
ative to specify meaningful topics to streamline the knowledge-sharing exercise
[22]. For a more flexible and all-encompassing knowledge-sharing exercise, a
broad topic is better with an n-Ievel hierarchy of subtopics to account for spe
cializations within the topic, whereas a list of specific topics can be defined for
focused knowledge sharing. It may be noted that it is unrealistic to expect the
knowledge being shared to be strictlyconfinedwithin the specified topics; rather,
there will alwaysbe instanceswhen a knowledge-sharing thread within a specific
topic may not relate to the topic or may progressively (and maybe inadvertently)
diverge from the specified topic. In such situations, the knowledge-sharing facil
itator may create a new topic to accommodate the shift in the knowledge content
(if no existing topic can be used), align to an existing and more relevant topic, or
advise the stakeholders to revert to the predefined topic.

6.3.2.2 Motivation

Why does an individual/group want to share knowledge [23]? The motivations
can be manifold,e.g.: (a) to instigatecollaborative problemsolving; (b) to inform
and educate peers through personal/professional experiences, insights, and know
how; (c) to be informedandeducated;(d) to negotiateand validateone's thinking,
practices, or even a "gray" knowledge artifact; (e) to exchange ideas in order to
advancecareplanning,policies,andresearch;(t) to buildcapacitywithina specific
area of clinical practice, care, or research; (g) to serve as a knowledge broker by
directingpeers to healthcareknowledge resources;(h) to addressknowledge gaps
(in particular to address the rural-urban divide) beyondthe traditional knowledge
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access methods; and (i) to form a viable community of practice around a certain
topic. The aforementioned motivations may further be differentiated based on
practitioner, patient, and community viewpoints (the viewpoints may be shaped
by terms of engagement, perceived benefits, and expected outcomes) to share
knowledge.

In designinghealthcareknowledge-sharing programs/environments it is impor
tant to determinea priori the potential rangeof knowledge-sharing motivations for
theparticipating stakeholders. In fact, it isevenrecommended to ask theparticipat
ingstakeholders to statetheirmotivation forparticipating in theknowledge-sharing
exercise,as it wouldaccordingly allowoneto aligntheknowledge-sharing exercise
and to measure the utility of the knowledge-sharing exercise objectively. In any
knowledge-sharing practice it is importantto attemptto satisfy the predetermined
set of motivations, because it is practically infeasible to account for all possible
motivations withina single knowledge-sharing program/environment. In fact, the
predetermined motivations, typicallyderived from the knowledge-sharing objec
tives,serveas a designparameterto determinethe nature,functional requirements,
and implications of the knowledge-sharing program/environment.

6.3.2.3 Temporal Relevance

Patient care is a time-related activity that involves an active interplay between
different healthcare knowledge modalities systematically applied in response to
the evolvingpatientconditions. Knowledge-driven medical interventions need to
beappliedinaspecific orderandfora specific durationtoachieve specific outcomes
that are pertinent to the different temporal stages of patient care, i.e, diagnosis,
prognosis, and therapy[24,25].

Healthcare knowledge sharing,from a patientcare perspective, therefore, needs
to be congruent to the knowledge needs at a specific stage of patient care. For
instance, the type, scope, and functionality of knowledge is quite different to
comprehend and respond to (i) the manifested symptoms, (ii) the interventions
applied, (iii) the outcomesmeasured, and (iv) the effects of the interventions. We
argue that, in principle, knowledge-sharing programs/frameworks should model
the temporal progression of a clinical case in order to facilitate the sharing of
temporally salientknowledge artifacts, support,judgments, and actions [26].The
rationalefor thisis thattheapplication andimplication ofanyhealthcareknowledge
is notuniformacrossall stagesof patientcare: knowledge pertinentto theetiology
of the disease may not have much relevance at the treatment stage. However, in
thecurrentstateof practice,the temporalrelevance of knowledge is ignoredwhilst
sharing it and, if noted, the stakeholder subjectively determines it.

The LINKS models, therefore, demand the temporal characterization
of the knowledge-sharing context in designing knowledge-sharing pro
grams/environments. In this regard, the context should inform the temporal rele
vanceof theknowledge inorderto improvetheeffectiveness of thesharingexercise
and enhance the uptake of temporally relevant knowledge-driven interventions.
Furthermore, for design purposes, the temporal realityof the clinicalcase and the
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knowledgedemands for its administrationhelp to determinethe potentialusability
and impact of the candidate knowledgemodalities and the sharing mediums.

6.3.2.4 Stakeholders

In determining the knowledge-sharing context, a characterization of the stake
holders is required to determine how and what knowledge is created and shared.
The stakeholder's orientation influences the knowledge-sharing exercise; for in
stance, practitionersare largely interested in sharing problem-solving knowledge,
patients are interested in sharing illness-specific experiences,whereascommunity
care givers are interested in formulating support groups. Hence, knowledge shar
ing at different stakeholder levels is potentiallydifferent,whereby variationsmay
exist in terms of (i) the terminologybeing used, (ii) the specificity of the concepts,
(iii) the brevity and formality of the knowledge, (iv) the language constructs, (v)
the nature and degree of the relationships (either actual or virtual) between par
ticipating stakeholders, (vi) the anticipated application and expected outcomes,
(vii) the trust in the source and the content, and (viii) the success measuring cri
terion. The aforementioneddiscussion not only suggests the intrinsic make-up of
the knowledgecreated and shared by different stakeholders, but, more crucially,
it highlights a set of stakeholder-specific constraints that need to be satisfied to
achieveeffectivestakeholder-centric knowledge-sharing programs/environments.

The LINKSmodelsuggeststhecreationof a profileforeachstakeholder(oreach
stakeholdergroup) in order to orchestratethe act of knowledgesharingand to mod
ulate the knowledgebeing shared. Knowledge sharingguided by the stakeholder's
profilewillallowmeans to satisfy the aforementioned constraintsand, in turn, will
make the knowledgeand the knowledge-sharing experience more relevant to the
stakeholder. Tocreate the stakeholder's profile,one may either: (a) explicitly seek
their motivation/objective, intellectual level, operational workplace, knowledge
expectations, levelsof involvement in the knowledgesharing exercise, and topics
of interest; or (b) infer through observationsand analysisof the stakeholder's past
knowledge-sharing activities. However, for the sake of operational convenience,
it is recommended to determine the stakeholder's profileexplicitly.

6.3.3 Healthcare Knowledge-Sharing Medium

Knowledge sharing is practiced via a medium. The sophisticationof the medium
may range from traditionalface-to-face environments, such as person-person con
versationsand speaker(s)-audience interactions,to virtualmeetingenvironments
leveragingthe Internet to enable stakeholders to meet and share knowledgevirtu
ally.

The LINKS model supportselectronic knowledgesharing, grounded in knowl
edge managementpractices, and leverages the Internet as the knowledge-sharing
medium.There are a range of Internet-basedmediums that can be used for health
care knowledge sharing, e.g.: (a) point-to-point or multipoint (i.e, broadcast)
e-mails; (b) recommender system-to-patient e-mails comprising personalized
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knowledge content, recommendations, and even alerts; (c) Web-based portal to
disseminate static healthcare knowledge;here, extensions are possible to person
alize the knowledge towards a stakeholder's profile; (d) online discussion forum
allowing stakeholders to engage in a virtual meeting place and, through discus
sions, collaboratively address problems/issues and educate participating stake
holders; (e) online training environments, such as WebCT; (0 peer-to-peer (P2P)
networks for sharing knowledgebetween a dedicated community of practice; and
(g) online healthcare knowledge repositories, such as PubMed, Cochrane, etc.
A .hybrid knowledge-sharing medium comprising more than one of the afore
mentioned mediums is also technically feasible. The aforementionedknowledge
sharingmediumsdifferentiatethe knowledge-sharing experiencealong the lines of
the following modalities: (i) asynchronous versus synchronous versus multisyn
chronous interactions; (ii) anonymous versus disclosed identity of participating
stakeholders;(iii) individual-basedinteraction versusgroup interactions;(iv) push
versus pull mode of knowledgedelivery; (v) open participation versus members
only participation; (vi) supporting dynamic versus static knowledgecontent; and
(vii) manifesting informal and temporary coupling versus long-term dedicated
relationship between stakeholders.

The abovementioned range of knowledge-sharing mediums and the kind of
knowledge-sharing modalities can serve as design considerations for designing
knowledge-sharing frameworks.

6.4 Healthcare Knowledge Sharing: Prevailing Practices

Healthcare knowledge sharing, in knowledge management terms, is quite preva
lent amongst healthcare shareholders. To characterize healthcare knowledge
sharing practices formally, we adapt Nonaka's two-dimensional knowledge ere
ation model [16] to realize a novel three-dimensional knowledge-sharing practice
model (shown in Figure 6.2): the three dimensions are (1) the source knowledge
modality, (2) the target knowledge modality, and (3) the stakeholders. The third
dimension, i.e, the stakeholders, is in response to the perceiveddichotomy in the
knowledgeneeds and knowledge-sharing practices of healthcarepractitionersand
patients. We explain below the knowledge-sharing practice for each cell of the
knowledge-sharing practice model using the legend stakeholder-source-target.

6.4.1 Practitioner's Perspective ofKnowledge Sharing
Put simply, the practitioner's perspectiveof healthcare knowledgesharing aims to
improve patient care and health outcomes by bridging the knowledge gaps with
relevant and up-to-date knowledge. In this case, knowledge sharing entails (a)
disseminating published evidence (Le. the explicit aspects of healthcare knowl
edge), (b) sharingexperiences, insights, know how,etc. of specialists (i.e. the tacit
aspects of healthcare knowledge), and (c) formulating communities of practice
around specific healthcare topics.
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FIGURE 6.2. The three-dimensional model of healthcare knowledge-sharing practices.

6.4.1.1 Practitioner-Tacit Knowledge-Tacit Knowledge Sharing

Healthcare practitioners are routinely confronted with knowledge gaps, whether
due to the lag in relevant evidence being published in the medical literature, the
lack of published evidence for an unusually complex clinical problem, or sim
ply inaccessibility to knowledge resources . A practitioner's tacit knowledge, i.e.
clinical experiences, insights, judgments, and intuitive problem-solving skills , is
a well-recognized alternative to evidence-based knowledge [20]. Sharing the tacit
knowledge of healthcare experts, via socialization [16], can assist fellow practi
tioners in terms of providing them practical insights into what solution will work,
why it will work, and how to make it work [20].

Collaboration, though at times informal and ad hoc, is a common activity in dis
charging healthcare, such that practitioners converge to solve a complex clinical
problem collaboratively [14]. The knowledge-sharing medium of an online dis
cussion forum serves as an apt collaborative learning environment for experience
mediated knowledge sharing between practitioners bound by a common objective
or interest [22]. Online discussion forums provide a virtual meeting space for
healthcare practitioners to engage in problem-specific discussions that lead to the
explication and sharing of tacit knowledge [27]. The workings are as follows:
(I) a practitioner seeks a solution/advice to a clinical problem by presenting it
to the discussion forum; (2) practitioners with an interest and expertise in the
advertised topic respond by providing their knowledge about the problem; (3) a
debate ensues between practitioners, during which they share experiences, nego
tiate viewpoints, relate theory to practice, and finally conclude a peer-validated
solution; (4) the validated solution encapsulating the tacit knowledge of specialist
practitioners is shared via the discussion forum to a wider community of practi
tioners . Although not evidence based, the tacit knowledge being shared has a high
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trust value because it originates from specialist practitioners and is critiqued (for
veracity and quality) by a group of practitioners.

Knowledgesharing through discussion forums has both a problem-solvingas
pect and learning aspect to it, because the observing practitioners not only learn
about a potential solution to a atypical clinical problem, but, as the discussion
unfolds, they also observe the tacit problem-solvingstrategy and reasoning meth
ods employedby specialistpractitioners.This knowledge-sharing approachcorre
sponds to Hansen's [28] notion of personalization, which entails the provision of
one-off problems to professionals with tacit knowledge as a means to communi
cate effectivelywith other experts, and Abidi's [20] proposal for tacit knowledge
acquisition by challenging experts to solve atypical problems.

6.4.1.2 Practitioner-Tacit Knowledge-Explicit Knowledge Sharing

This knowledge-sharing practice leads to the externalization [16] and codification
of a practitioner's tacit knowledgethat is explicatedduring collaborativeproblem
solving or critical analysis of evidence and professionalpractice. The knowledge
sharing exercisecan be characterized as experience-mediated knowledge sharing,
as theknowledgebeingsharedisgroundedin the professionalexperience,intuition,
and problem-solvingstrategies of healthcare practitioners.

There are four prominent manifestations of practitioner-tacit-explicit knowl
edge-sharing practices. (1) The online discussion threads withhold within them
highly specialized tacit knowledge. The discussion threads represent the tempo
ral progression of the discussion in terms of topic-specific messages exchanged
between practitioners. We posit that the systematic coding, indexing, and stor
ing of discussion threads can result in an explicit knowledge resource that can
be subsequently shared between practitioners [29]. It is interesting to note that
this codification of tacit knowledge materializes as an indirect consequence of
knowledgesharing between practitioners. (2) The formulation of clinical practice
guidelinesandprotocolsinvolvesa knowledge-rich dialogbetweenspecialistprac
titionerswherebythey share theirexperiencesand negotiatetheir viewpointsto de
rive a consensual and explicit knowledgeartifact, i.e, a clinical practice guideline.
Through knowledgesharing, tacit knowledge is explicated,captured, and codified
to realize an explicit knowledge artifact. (3) Online educational programs, semi
nars, and talk (such as those delivered using WebCT)are a case of tacit to explicit
knowledgesharing. In mostcases, the tacit knowledgeis electronicallycapturedas
explicit knowledgeand made availabletogetherwith the educationalcontent (such
as slides, notes, papers, etc.). (4) A corollary of such knowledge-sharing practices
is the realization of a social network (a social knowledge resource that is based
on the communication patterns between individuals during knowledge sharing)
that depicts the role and relevance of participating stakeholders with respect to a
specific topic [30]. The analysis of the social network leads to the externalization
of implicit social knowledgethat can be used to identifysubject specialists,knowl
edge brokers, and like-mindedpeers in order to collaborate and to seek knowledge
in the future.
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6.4.1.3 Practitioner-Explicit Knowledge-Explicit Knowledge Sharing

This knowledge-sharing practice features a combination of explicit healthcare
knowledge resources whereby practitioners engage in artifact-mediated and
resource-mediated knowledge sharing. Knowledge sharing involves the exchange
of relevant and validated explicit knowledge artifacts, such as research papers,
clinical studies, and guidelines, in response to a mitigating knowledge artifact
[31]. Typically, a practitioner may seek pertinent explicit knowledge (say journal
articles) in order to critique, review, or validate a published clinical study. Such
knowledge-sharing practice typically transpires in systematic review-type exer
cises, where one research article leads to other related articles. The tangible out
come of such knowledge-sharing exercises is the identification, collation, and
sharing of a corpus of salient journal articles that cumulatively forms a body of
explicit knowledge around the given topic. Knowledge sharing mediums such as
e-mail, Web portals, and P2P networks are typically used for explicit-explicit
knowledge sharing.

Explicit-explicit knowledge sharing also supports resource-mediated knowl
edge sharing by leveraging the externalized social knowledge characterizing
the stakeholders (i.e. their expertise, access to knowledge resources, and abil
ity/willingness to support other stakeholders (attributing to trust in the stake
holder» to solicit knowledge directly from or share knowledge with identified
knowledge resources.

6.4.1.4 Practitioner-Explicit Knowledge-Tacit Knowledge Sharing

This knowledge-sharing practice is tantamount to the internalization of shared
explicit healthcare knowledge into the mental models, behaviors, and knowledge
constructs of the practitioners, i.e. the translation of shared explicit knowledge
(or evidence) into their professional practice. From a knowledge translation per
spective, one may regard internalization [16] or codification [28] as the ultimate
objective of healthcare knowledge sharing, i.e, to improve the practice and deliv
ery of healthcare by optimally sharing evidence and, in turn, accordingly adjusting
clinical practice to achieve better outcomes. Such artifact-mediated knowledge
sharing is typically achieved through both indirect mediums, such as Web portals
and knowledge artifacts, and direct mediums, such as e-mails and online training
(such as WebCT).

6.4.2 Patient's PerspectiveofKnowledge Sharing

Broadly speaking, the patient's perspective of healthcare knowledge sharing aims
to educate and empower patients (and their care givers) to understand their health
condition and to self-manage their healthcare process. This aim is pursued by facil
itating the provision of online patient-specific healthcare knowledge (knowledge
that may be generic, personalized to meet individual needs, or mass customized for
a patient community) in a proactive and timely manner through patient education
and support programs. In this regard, knowledge sharing entails (a) disseminating
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health maintenanceinformation, i.e, the explicit aspects of healthcare knowledge,
(b) sharing personal experiences, insights, resources, etc. between patients (and
their care givers), i.e. the tacit aspects of healthcare knowledge, and (c) high
lighting supportgroups around specifichealthcare issues, i.e, the social aspects of
healthcare knowledge.

6.4.2.1 Patient-Tacit Knowledge-Tacit Knowledge Sharing

Patient care extends beyond healthcare institutions and practitioners.For chronic
illnesses the longitudinal therapeuticregimesand rehabilitation programsdemand
continuous and proactivepatient-leveleducation and community-level support to
manage the psychosocial, behavioral, lifestyle, and care planning aspects of the
disease. These nonmedical elements of patient care are partly administered by
healthcare practitioners through counseling, but largely such issues are addressed
through the tacit and experiential knowledge of patient support groups (compris
ing patients, care givers/families, and public health and healthcare practitioners).
Patient support programsprovide self-help or mutual support that is deemed more
effectivebecause patientswho share commonexperiences,situations,or problems
can offer each other a unique perspectivethat is not availablefrom those who have
not shared these experiences [32]. And, in practice it is noted that patients indeed
seek out and do benefitfrom opportunities to share their feelings with others when
faced with uncertainty, stress, and pain [33].

Online discussionforums provide a knowledge-sharing environmentfor patient
support by the patients and for the patients [33]. Web portals or e-mails are pre
dominantly used to share a patient's individual tacit and experiential knowledge
with a community of patients experiencingsimilar health challenges and having a
common interest. Patient-specific knowledge sharing through discussion forums
allows patients/care givers to interact, consult, and collaborate with each other in
order to (a) offer psychosocial support to help reduce feelings of isolation, teach
coping techniques, societal adjustment, and behavioral changes and (b) provide
home-based care in terms of sharing personal experiences, i.e. what works, what
does not work, what resources were available, what options were provided, how
to deal with different psychosocial issues, and what outcomes were achieved.
It is this socialization of patient's tacit knowledge that is sought and shared in
this experience-mediatedknowledge-sharing practice to assist patients in decision
making,education,empowerment,and self-managementof thediseaseat the home
and community levels.

Onlinepatientsupportgroupscan be distinguishedas: (i) peer-ledgroups, which
focuson self-helpand tend to be informal,where leadershipis shared,participation
is voluntary, andmembershipsizecan varywidely;and (ii) professional-ledsupport
groups, which primarily focus on education involvinga trained facilitator and are
more structured with a limited group size. In either case, active collaboration
between the members result in the development of "trusted" relationships and
knowledge artifacts (vocabularies, documents, understandings, and shared skills)
that address the knowledge needs of the patient community [33].
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6.4.2.2 Patient-Tacit Knowledge-Explicit Knowledge Sharing

A significant tenet of patient-specific knowledge sharing is online patient edu
cation that entails the provision of healthcare knowledge concerning a variety of
issues,suchas(i)explanations on thediseaseandtherapeutic procedures, (ii)health
maintenance information, (iii) lifestyleand behavioral modification interventions,
(iv) psychosocial and emotional support solutions, (v) stress managementstrate
gies, and (vi) validatedinformation resources [34]. Patient education is a crucial
aspectof managingchronicdiseases,sinceappropriateeducationcan impactmod
ifications in health perceptions and behaviors, which in turn can help to prevent
the onset or progression of chronic disease [35,36].

From a knowledge-sharing perspective, patient education entails (a) the ex
ternalization of the practitioner's tacit knowledge and experiences in terms of a
specification of the knowledge needsof a patient, (b) the mappingof the patient's
knowledge needstocorresponding explicitknowledge vis-a-vispatienteducational
content and interventions, and (c) facilitating the patient's uptakeand compliance
to the shared knowledge resource in order to empower them to self-manage the
disease at the therapeutic, behavioral, and psychosocial levels. The translation of
the practitioner'sassessmentof the patient's knowledge needsto actual actionable
healthcareknowledge is the majorcontribution of this kind of knowledge-sharing
activity.

Personalized knowledge sharing, i.e, patient educational interventions that are
specifically tailored to meet the health needs of an individual patient, has been
shown to be better received by patients and, in turn, leads to better outcomes
[37,38]. Instead of providing generic healthcare knowledge suitable to a wide
range of patients, personalized knowledge sharing is based on the individual as
sessment(or healthprofile)of thepatientbyeithera practitioneror a recommender
system, and constitutes a combination of patient-specific healthcare knowledge
and behavioral-change strategiesthat are intelligently tailored to meet the unique
healthcareneeds of the patient.

This knowledge-sharing practice entails artifact-mediated knowledge sharing,
wherebytwo differentartifacts,i.e. the patienthealthprofileand the healtheduca
tion content, are synergized to realize the knowledge content. Knowledge sharing
is largelypracticedvia a Webportal (in the pull modeof sharing)or direct e-mails
(in the push mode of sharing) to the patient.

6.4.2.3 Patient-Explicit Knowledge-Explicit Knowledge Sharing

This is the most common knowledge-sharing practice, as it features artifact
mediatedand resource-mediated knowledge sharing typically in situations when
patients search for additional or more validated healthcareknowledge to comple
ment some healthcare knowledge that they may already have. A requirement for
patient empowerment is that the patient strives to become better informedby ve
hementlypursuing additional knowledge to enhance his/her understanding of the
disease, the associated therapeutic options, and the criterion for measuring out
comes. Knowledge sharing, in this scenario,entails a combination of two explicit
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healthcare knowledge artifacts: (1) a source knowledge artifact from a health
care practitioner, a fellowpatient, or a publicationsuch as newspaper, magazine,
leaflet, or poster; (2) the corresponding target knowledge artifact shared in order
to complement the source knowledge artifact. Typically, patient-specific health
knowledge resources, such as the Web-based health portals, are used to source
additional knowledge.

Resource-mediated knowledge sharing also plays a vital role in identifying
relevant and validated knowledge sources: the social knowledge about the pre
dispositions of patient peers and their accumulated knowledge resources helps
to seek additional knowledge in a more focused manner. As an outcome of this
knowledge-sharing exercise, thepatientbothidentifies knowledge sourcesandcol
lectsknowledge artifactsto forma bodyof explicitknowledge arounda healthcare
topic of interest.

6.4.2.4 Patient-Explicit Knowledge-Tacit Knowledge Sharing

Patient-mediated knowledge sharing is about educating and effectuating behav
ior changes, lifestylechanges, and improving health outcomesas a consequence
of sharing and consuming healthcare knowledge. The patient's aspect of this
knowledge-sharing practice is primarily about the patient's ability, desire, and
motivation for the uptakeof the shared knowledge.

Akinto thepractitioner'saspectofexplicit-tacitknowledge sharing,thepatient's
perspective of this knowledge-sharing practiceentails the patient's internalization
of sharedexplicitknowledge to achievea betterqualityof life, improved decision
making abilities, better coping of psychosocial distress, and positivechanges in
behavior. Artifact-mediated knowledge sharing is responsible for promoting an
improved state of self-determination for patients so that they may take charge of
their health and healthcare needs.

It may be noted that patient-mediated knowledge sharing can significantly in
fluence the actualcare-delivery process: the recommendations, insights,critiques,
and solutionssharedby patientshold within them explicit indicators and pointers
to their satisfaction pertaining to the outcome or implications of their treatment
plans. This vital patient-based feedback, transpired through knowledge sharing,
augurs well for streamlining prevailing healthcare knowledge and practices.

6.5 Healthcare Knowledge-Sharing Prospects:
The Future Outlook

Patient management, in its entirety, is a complex process that can be investi
gated from different perspectives. We investigated patient management from a
knowledge-sharing perspective, whereby wecharacterized healthcareknowledge
sharing practices and presented a healthcare knowledge-sharing framework, i.e,
LINKS, that identified the determinants of healthcareknowledge sharing for de
veloping healthcareknowledge-sharing programs.
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Globally, there is an increasing demand for effective (and even accountable)
clinical practices and decisions, efficient clinical pathways, optimal resource uti
lizations, ostensively improved health outcomes, home-based healthcare, enhanced
patient empowerment, and creation of a health-conscious society. Such objectives
compel the evolution of current healthcare knowledge-sharing practices from in
dividualistic, subject-specific, ad hoc, and need-driven activities to a consolidated
and concertedknowledge-sharing enterprise that specificallyfocuses on a clinical
case and uses it to instigateproactive and pertinentknowledge-sharing activities
leading to the sharing of case-specific knowledge congruent to the needs, inter
ests, background, and orientation ofall concernedstakeholders. As per this future
outlook, case-specific knowledge sharing will: (a) attempt to meet the knowledge
needs as per the temporal sequence of medical events, judgments, actions, and
outcomes within the longitudinal continuum of patient care; (b) involve the ap
propriate sharing of heterogeneous knowledge modalities to support the various
case management activities; (c) proactively prescribe highly personalized health
maintenance knowledge, typically in the realm of patient education, based on val
idated clinical decision-support artifacts (such as clinical practice guidelines or
protocols) and dispense the knowledge in keeping with the individual patient's
degree of readiness, belief, or disposition to uptake and apply the knowledge in
order to achieve a positive health outcome.

Current healthcare knowledge-sharing practices usually involve the sharing of
a specific knowledge modality as per the designated knowledge-sharing activity.
The limitation of this approach is that any knowledge-sharing request results in
only a limited quantum of the total available knowledge to be sourced and shared.
Yet, for effective patient management one should demand holisticknowledge (i.e.
healthcare knowledge that spans across heterogeneous knowledge modalities and
orientations, thus encompassing a diversity of opinions, explanations, experiences,
judgments, resources, solutions, theoretical models, and knowledge artifacts) per
taining to the clinical case at hand [39].

We posit that the future of healthcare knowledge sharing will be one-stopknowl
edgesharingwhereby a stakeholder may issue a single knowledge-sharing request
that will instigate multiple simultaneous knowledge-sharing activities (each pursu
ing a different knowledge modality, stakeholder orientation, and sharing medium
for the same topic) leading to the collection of multiple, yet relevant, knowledge
artifacts. The knowledge-sharing solution will be carried out in two stages. In stage
1, the assortment of knowledge artifacts will be systematically morphed [40] to
yield a holistic knowledge object; in stage 2, the morphed knowledge object will
be duly customized to meet the specific needs, interests, and consumption capacity
of the user (as shown in Figure 6.3).

The above knowledge-sharing outlook not only predicates the need for more
focused case-specific knowledge sharing amongst stakeholders, but it further posits
case-specific knowledge sharing as the vehicle to systematically, seamlessly, and
dynamically morphthe hitherto individual knowledge modalities to realize holistic
healthcare knowledge pertinent to the knowledge needs at specific stages during
the lifetime of patient care [40]. It is foreseen that the ability to share holistic and
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FIGURE 6.3. Anillustration of future healthcare knowledge sharing.

customized healthcare knowledge around a particular topic will have a profound
impact towards enriching the body of knowledge and enhancing the knowledge
quotient of healthcare stakeholders.

Postscript. The future outlook for healthcare knowledge sharing is interest
ing, yet challenging, and calls for developing innovative knowledge-management
based strategies, techniques, and frameworks.
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7
Healthcare Knowledge Management:
Incorporating the Tools,
Technologies, Strategies, and Process
of Knowledge Management to Effect
Superior Healthcare Delivery

NILMINI WICKRAMASINGHE

Abstract

As medical science advances and the applications of information and commu
nications technologies to healthcare operations diffuse, more and more data and
information begin to permeate healthcare databases and repositories. However,
given the voluminous nature of these disparate data assets, it is no longer possi
ble for healthcare providers to process these data without the aid of sophisticated
tools and technologies. The goal of knowledge management is to provide the
decision maker with appropriate tools, technologies, strategies, and processes to
tum data and information into valuable knowledge assets. This chapter discusses
the benefits to the healthcare arena of incorporating these tools and techniques in
order to make healthcare delivery more effective and efficient, and thereby max
imize the full potential of all heaIthcare knowledge assets. To ensure a success
ful knowledge management initiative in a heaIthcare setting, the chapter proffers
the knowledge management infrastructure framework and intelligence continuum
model.

The benefits of these techniques lie not only in the ability to make explicit the
elements of these knowledge assets, and in so doing enable their full potential to
be realized, but also to provide a systematic and robust approach to structuring the
conceptualization of knowledge assets across a range of healthcare environments,
as the case study data presented demonstrate.

7.1 Introduction

Knowledge management (KM) is an emerging management technique that is aimed
at solving the current business challenges to increase efficiency and efficacy of
core business processes and simultaneously incorporating continuous innovation.
The premise for the need for KM is based on a paradigm shift in the business
environment where knowledge is central to organizational performance [1,2].
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KM offers organizations many tools, techniques, and strategies to apply to their
existing business processes. Healthcare is an information-rich industry that offers
a unique opportunity to analyze extremely large and complex data sets. The col
lection of data permeates all areas of the healthcare industry and, when coupled
with the new trends in evidence-based medicine and electronic medical record sys
tems, it is imperative that the healthcare industry embraces the tools, technologies,
strategies, and processes of KM if it is to realize the benefits from all these data
assets fully.

The successful application KM hinges on the development of a sound KM
infrastructure (KMI) and the systematic and continuous application of specific
steps supported by various technologies. This serves to underscore the dynamic
nature ofKM where the extant knowledge base is always being updated. The KMI
framework not only helps organizations to structure their knowledge assets, but
also makes explicit the numerous implicit knowledge assets currently evident in
healthcare [3], while the intelligence continuum (IC) provides the key tools and
technologies to facilitate superior healthcare delivery [4]. Taken together, the KMI
and IC can enable healthcare to realize its value proposition of delivering effective
and efficient value-added healthcare services.

7.2 Knowledge Management

"Land, labor, and capital now pale in comparison to knowledge as the critical asset
to be managed in today's knowledge economy." Peter F. Drucker [2, p. 47].

The nations that lead the world in this century will be those who can shift from
being industrial economies, based upon the production of manufactured goods, to
those that possess the capacity to produce and utilize knowledge successfully. The
focus of the many nations' economies has shifted first to information-intensive
industries, such as financial services and logistics, and now toward innovation
driven industries, such as computer software and biotechnology, where competitive
advantage lies mostly in the innovative use of human resources. This represents a
move from an era of standardization to an era of innovation where knowledge, its
creation, and management hold the key to success [1,2,5].

KM is a key approach to helping solve current business problems that are faced
by organizations today, such as competitiveness and the need to innovate. The
premise for KM is based on a paradigm shift in the business environment where
knowledge is central to organizational performance [6,7]. In essence, KM not only
involves the production of information, but also the capture of data at the source,
the transmission and analysis of this data, and the communication of information
based on or derived from the data to those who can act on it [8]. Thus, data and
information represent critical raw assets in the generation of knowledge, whereas
successful KM initiatives require a tripartite view, namely the incorporation of
people, processes, and technologies [9].

Broadly speaking, KM involves four key steps of creating/generating knowl
edge, representing/storing knowledge, accessing/using/reusing knowledge, and
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disseminating/transferring knowledge [8,10-12]. Knowledge creation, generally
accepted as the first step for any KM endeavor, requires an understanding of the
knowledge construct as well as its people and technology dimensions. Given that
knowledge creation is the first step in any KM initiative, it naturally has a sig
nificant impact on the other consequent KM steps, thus making the identification
of and facilitating of knowledge creation a key focal point for any organization
wanting to leverage its knowledge potential fully.

Knowledge, however, is not a simple construct. Specifically, knowledge can
exist as an object, in essentially two forms: explicit or factual knowledge and
tacit or "know-how" [13,14]. It is well established that although both types of
knowledge are important, tacit knowledge is more difficult to identify and thus
manage [15,16]. Of equal importance, though perhaps less well defined, knowledge
also has a subjective component and can be viewed as an ongoing phenomenon,
being shaped by social practices of communities [17]. The objective elements of
knowledge can be thought of as primarily having an impact on process, whereas
the subjective elements typically impact innovation [9]. Enabling and enhancing
both effective and efficient processes and the functions of supporting and fostering
innovation are key concerns of KM.

Organizational knowledge is not static; rather, it changes and evolves during
the lifetime of an organization. What is more, it is possible to transform one form
of knowledge into another, i.e. transform tacit knowledge into explicit and vice
versa [12]. This process of transforming one form of knowledge into another is
known as the knowledge spiral [15]. Naturally, this does not imply that one form
of knowledge is necessarily transformed 100% into another form of knowledge.
According to Nonaka [15]: (1) Socialization, or tacit to tacit knowledge transfor
mation, usually occurs through apprenticeship-type relations where the teacher
or master passes on the skill to the apprentice. (2) Combination, or explicit to
explicit knowledge transformation, usually occurs via formal learning of facts.
(3) Externalization, or tacit to explicit knowledge transformation, usually occurs
when there is an articulation of nuances; e.g. if an expert surgeon is questioned
as to why he performs a particular surgical procedure in a certain manner, by
his articulation of the steps the tacit knowledge becomes explicit. (4) Internaliza
tion, or explicit to tacit knowledge transformation, usually occurs when explicit
knowledge is internalized and can then be used to broaden, reframe, and extend
one's tacit knowledge. Integral to these transformations of knowledge through the
knowledge spiral is that new knowledge is being continuously created [15], and
this can potentially bring many benefits to organizations. What becomes important,
then, for any organization in today's knowledge economy is to maximize the full
potential of all its knowledge assets and successfully make all germane knowledge
explicit so that it can be used effectively and efficiently by all people within the
organization as required [12].

Healthcare is an industry currently facing major challenges at a global level
[4,18]. This industry has yet to embrace KM. Yet, KM appears to provide several
viable possibilities to address the current crisis faced by global healthcare in the
areas of access, quality, and value [4]. In healthcare, one of the most critical
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knowledge transformations to effect is that of tacit to explicit, i.e. extemalization,
so that the healthcare organization can best leverage its knowledge potential to
realize the healthcare value proposition [19]. Integral to such a process is the
establishment of a robust KMI and the adoption of key tools and techniques. This
is achieved by the application of the KMf and Ie models.

7.3 Establishing a Knowledge Management
Infrastructure

The most valuable resources available to any organization "are human skills, ex
pertise, and relationships. KM is about capitalizing on these precious assets [20].
Most companies do not capitalize on the wealth of expertise in the form of knowl
edge scattered across their levels [21]. Information centers, market intelligence,
and learning are converging to form KM functions. KM offers organizations many
strategies, techniques, and tools to apply to their existing business processes so
that they are able to grow and effectively utilize their knowledge assets. The KMI
not only forms the foundation for enabling and fostering KM, continuous learning,
and sustaining an organizational memory [2], but also provides the foundations
for actualizing the four key steps of KM, namely creating/generating knowledge,
representing/storing knowledge, accessing/using/reusing knowledge, and dissem
inating/transferring knowledge (discussed in Section 7.2). An organization's entire
"know-how," including new knowledge, can only be created for optimization if an
effective KMI is established. Specifically, the KMI consists of social and technical
tools and techniques, including hardware and software, that should be established
so that knowledge can be created from any new events or activities on a continual
basis. In addition, the KMI will have a repository of knowledge, systems to dis
tribute the knowledge to the members of the organization, and a facilitator system
for the creation of new knowledge. Thus, a knowledge-based infrastructure will
foster the creation of knowledge and provide an integrated system to share and
diffuse the knowledge within the organization [22], as well as support for continual
creation and generation of new knowledge [9]. The KMI depicted in Figure 7.1
contains the five essential elements of organizational memory, human asset in
frastructure, knowledge transfer network, business intelligence infrastructure, and
infrastructure for collaboration that, together, must be present for any KM initiative
to succeed.

7.3.1 Elements ofthe Knowledge Management
Infrastructure

From Figure 7.1 it is possible to identify the five key elements that, together,
make up the KMI. It can be seen that these elements support the socio-technical
perspective ofKM, in that they consist of people, process, and technological aspects
[12]. We will now examine each of them in more detail.
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FIGURE 7.1. Key elements that constitute the KMI (adapted from [23]).

7.3.1.1 Infrastructure for Collaboration

The key to competitive advantage and improving customer satisfaction lies in the
ability of organizations to form learning alliances; these are strategic partnerships
based on a business environment that encourages mutual (and reflective) learn
ing between partners [24]. Organizations can utilize their strategy framework to
identify partners and collaborators for enhancing their value chain.

7.3.1.2 Organizational Memory

Organizational memory is concerned with the storing and subsequent accessing and
replenishing of an organization's "know-how" that is recorded in documents or in
its people [24]. However, a key component of KM not addressed in the construct
of organizational memory is the subjective aspect [9]. Knowledge as a subjec
tive component primarily refers to an ongoing phenomenon of exchange where
knowledge is being shaped by social practices of communities [18], in the tra
dition of a Hegelian/Kantian perspective, where the importance of divergence
of meaning is essential to support the "sense-making" processes of knowledge
creation [25].

Organizational memory keeps a record of knowledge resources and locations.
Recorded information, whether in human-readable or electronic form or in the
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memories of staff, is an important embodiment of an organization's knowledge
and intellectual capital. Thus, strong organizational memory systems ensure the
access of information or knowledge throughout the company to everyone at any
time [26].

7.3.1.3 Human Asset Infrastructure

This deals with the participation and willingness of people. Today, organizations
have to attract and motivate the best people: to reward, recognize, train, educate,
and improve them [27] so that the highly skilled and more independent workers
can exploit technologies to create knowledge in learning organizations [27]. The
human asset infrastructure, then, helps to identify and utilize the special skills of
people who can create greater business value if they and their inherent skills and
experiences are managed to make explicit use of their knowledge.

7.3.1.4 KnowledgeTransfer Network

This element is concerned with the dissemination of knowledge and informa
tion. Unless there is a strong communication infrastructure in place, people are
not able to communicate effectively and thus are unable to transfer knowledge
effectively. An appropriate communications infrastructure includes, but is not lim
ited to, the Internet and intranets for creating the knowledge transfer network,
as well as discussion rooms and bulletin boards for meetings and for displaying
information.

7.3.1.5 Business Intelligence Infrastructure

In an intelligent enterprise, various information systems are integrated with
knowledge-gathering and analyzing tools for data analysis and dynamic end-user
querying of a variety of enterprise data sources [28]. Business intelligence in
frastructures have customers, suppliers, and other partners embedded into single
integrated system. Customers will view their own purchasing habits, and suppliers
will see the demand pattern which may help them to offer volume discounts, etc.
This information can help all customers, suppliers, and enterprises to analyze data
and provide them with the competitive advantage. The intelligence of a company
is not only available to internal users, but can also even be leveraged by selling it
to others, such as consumers, who may be interested in this type of informational
intelligence.

7.3.2 The Intelligence Continuum
The IC consists of a collection of key tools, techniques, and processes of the
knowledge economy, i.e. including data mining, business intelligence/analytics,
and KM which are applied to a generic system of people, process, and technology
in a systematic and ordered fashion [4,18,29,30]. Taken together they represent
a very powerful system for refining the data raw material stored in data marts
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lbe Intelligence Continuum

FIGURE 7.2. Application of the Ie on the generichealthcare system.

and/or data warehouses, thereby maximizing the value and utility of these data
assets for any organization [31-36]. As depicted in Figure 7.2, the IC is applied to
the output of the generic healthcare information system. Once applied, the results
become part of the data set that are reintroduced into the system and combined with
the other inputs of people, processes, and technology to develop an improvement
continuum. Thus, the IC includes the generation of data, the analysis of these data
to provide a "diagnosis," and the reintroduction into the cycle as a "prescriptive"
solution. In this way, the next iteration, or "future state," always represents the
enhancement of the extant knowledge base of the previous iteration. For the IC
to be truly effective, however, the KMI must already be in place so that all data,
information, and knowledge assets are explicit and the technologies of the IC can
be applied to them in a systematic and methodical fashion.

7.4 Case Study

This case study focuses on a well-renowned Spine Unit in the Midwest of the US.
It is possible to define this environment as a cure environment, since the primary
goal of this Spine Unit is to return patients to normal life activities. The following
serves to furnish the key elements from this environment as they pertain to KM, its
benefits, and applications in this setting . An exploratory case study research was
adopted to enable the generation of rich data in a nonrestrictive manner. Informa
tion was gathered from several sources, including semi-structured interviews, the
collecting of germane documents and memos, numerous site visits, and the direct
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observation of various procedures, thus enabling triangulation among different
data sources [37]. Rigorous coding and extensive thematic analysis was conducted
to analyze the qualitative data gathered [38,39]. Each of the points listed was
confirmed by multiple interviews, written documentation, and passive observation,
thus ensuring the highest level of reliability possible for qualitative research [39].

7.4.1 Background for Case

In the US, the healthcare industry is in a state of flux [40-43].

The rate of therise in healthcarecostshasbeenvariable.The shockingincreasesexperienced
in the early 1990s,has slowedin the mid- and late 1990s,but there is no guarantee that they
will continue to do so [44, pp. xvii].

In other market places, buyers are sensitive to the price of the product and
undertake cost-benefit analysis.

In the medical market place, however, the buyers and users of medical services and tech
nologies have been relatively insensitive to the cost of these services ... The traditional
financing and reimbursement policies of the healthcare industry are felt to be largely re
sponsiblefor this price insensitivity, inhibitingthe forces of competitivesupplyand demand
economics [40, pp. 80].

As a result, there is increased pressure on providers of medical care to develop ways
to control and mange costs, as well as to increase productivity without compro
mising quality. In an attempt to stem the escalating costs of healthcare, managed
care has emerged. It is aimed at creating value through competition in order to
combat "... an extremely wasteful and inefficient system that has been bathed in
cost-increasing incentives for over 50 years" [45, p. 40]. The intended result is to
provide adequate quality healthcare and yet minimize, or at least reduce, costs.

Managed care organizations (MCOs) contract with individuals, employers, and
other purchasers to provide comprehensive healthcare services to people who enroll
in their health plans. The essential difference between MCOs and more traditional
types of medical care is connected with the distribution of financial risk among
the purchaser of healthcare, the provider of the care, and the insurer [46].

Meos typically reduce this financial risk for the purchaser of heaIthcare insurance by
guaranteeing a comprehensive range of services at a fixed price to them. To do this of
course, the MeO must keep the use of healthcare resources within a budget; thus making
critical a focus on managing medical care [18].

This then represents a radical change to the traditional healthcare environment,
where quality irrespective of cost was the goal. The new goal is cost-effective
quality care, and thus also demands a more competitive healthcare environment.

7.4.2 Spine Care
Nearly everyone experiences back or neck pain at some time during their life. Pain
or disability can be caused by injuries sustained at home or work, while involved
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in sports or recreation, during accidents or falls, or from medical conditions, such
as arthritis, osteoarthritis, or osteoporosis. The Spine Unit is part of a large mul
tispecialty group practice and academic medical center located in the Midwest
of the US. This center is actually made up of surgeons and medical staff from
the Department of Neurology and Neurosurgery and the Department of Orthope
dics. A cooperation of the surgeons of these two departments has led to the Spine
Unit, where more than 9000 patients with spinal problems are treated annually.
The multidisciplinary team in this setting consists of experienced spine surgeons,
well-trained psychologists, physical therapists, operating room personnel, and lab
oratory pathology experts. The multidisciplinary team works with well-established
proven protocols. Naturally, with back and neck complaints the process cannot be
the same for every patient; rather, it is dependent on the specific complaint the
patient has.

7.4.3 Technologies

In order for the Spine Unit to achieve its goal of providing high-quality treatment
to patients suffering from various back and neck complaints, many key factors
must be addressed concerning both the clinical and practice management issues.
Technologies of various types play a key role in enabling effective and efficient
high-quality treatments at the center. The clinical technologies include the labo
ratory and radiology facilities to enable the best possible detection of the specific
complaint, as well as the technologies to support the treating of this complaint,
especially if surgery is the course of action, e.g. the use of image-guided spinal
navigation to facilitate the accuracy, precision, and safety of spinal instrumentation
and reduction in operative time, or laparoscopic or endoscopic procedures to min
imize invasive spinal surgery. On the practice management side, the technologies
include the hospital management information system (HMIS) in place. Table 7.1
describes the systems that comprise the HMIS.

7.4.4 Structure

The spine is a very complex part of the human anatomy. Bones and nerves playa
central role in the well-functioning back and neck. Given the inherent complexity
with the spine, it is understandable that, for high-class spine care, a multidisci
plinary team made up of neurology, neurosurgery, and orthopedics is central to
the care of spine patients. In addition to these disciplines, it is also important to
incorporate other disciplines, such as physical therapy, pain management, and psy
chiatry. Thus, what we can see is that, in spine care, the use of multidisciplinary
teams is critical to the cure process.

7.4.5 Knowledge Management in the Spine Unit

Modern medicine generates huge amounts of heterogeneous data on a daily basis.
For example, medical data may contain SPECT images, signals like EKG, clinical
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TABLE 7.1. Systems comprising HMIS.

System

Hospital
information
systems (HISs)

Expertsystems
(ESs)

Casemanagement
systems
(CMSs)

Healthdatabase
management
systems
(HDBMSs)

Groupdecision
supportsystems
(GDSSs)

Description

Provide integrative medical and clinical information supportservices usinga
variety of computer services thatare linked withhigh-speed networks.

Provide expertconsultation to end user for solvingspecialized andcomplex
problems.

Evolved recently as a resultof a growing trendof integrating healthservice
delivery bothvertically (coordinating clinicalcareacrossproviders, i.e,
between surgeons and physical therapy) and horizontally (linking institution
providing the sametypesof treatment).

Anotherfeature of thesesystems is that theyenablecasemixapplications and
thusprovide thecapability and flexibility of integrating financial andclinical
data.The benefits of thiscannotbe understated.

Havebeenusedextensively in somehospital settings. HDBMS referto a
repository of logically organized factsand figures whichqueryfacilities. A
typical example of suchan HDBMS is the automated patientrecordsystem.
Thesesystems alsoenabledataminingandotherdataanalysis techniques to
be usedwiththe helpof OLAP(on-line analytic processes) features, so that
it willbe able to analyze cumulative treatments and thus update, revise, or
adjustpractice protocols as required. This will,of course,ensurethe Spine
Unitmaintains its highstandard of offering bestpossible services to its
patients.

Involve the useof interactive, computer-based systems that facilitate the search
for solutions to semi-structured and unstructured problems sharedby
groups. Onceagain,thesesystems will benefit thequalityof thepatient
'treatment by supporting decision-making processes regarding patient
treatments madewithinthe SpineUnit.

information like temperature, cholesterol levels, etc., as well as the .physician's
interpretation. Added to all of this are the daily mountains of data accumulated
from a healthcare organization's administrative systems. Those who deal with
such data understand that there is a widening gap between data collection and
data comprehension and analysis. These data represent rawassets that need to be
converted into knowledge via information. Technologies play a significant role
in facilitating the transformation of raw data assets into knowledge. This is done
in many ways, from including application of data-mining tools, to just providing
a structure and context for apparently disparate data elements so that they can
be viewed as a whole within a specific context, typically a case scenario; this, in
tum, then supports critical decision making [47]. Integral to any sound KM strategy
within a healthcare organization is the transformation of these data and information
assets into germane knowledge [48]. However, in order to do this both effectively
and systematically it is necessary to have an organizing structured approach.

The HMIS in place at the Spine Unit helps physicians as well as administrators
to address this problem by enabling these raw data assets to be transformed into
information and knowledge. At the clinical level, for example, the HMIS helps in
early detection of diseases from historical databases of symptoms and diagnosis,
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thus providing an early warning system that leads to a much more effective quality
treatment. At the hospital administration level, for example, the HMIS helps in
tracking certain kinds of anomalies, which may reveal areas of improvement and
may help the realignment of certain kinds of resources (e.g. equipment, personnel,
etc.). The major reason for the specific HMIS in place is to support delivery of
quality healthcare in a cost-effective manner. These systems are considered to
be very sophisticated systems in the current healthcare market. The systems uses
National Committee for Quality Assurance standards and data gathered by the
Spine Unit, i.e. findings from key medical journals such as The New England
Journal of Medicine or Journal of American Medicine, as well as data generated
and analyzed from the center's own database of patient history. These standards
are continually updated and revised as new findings become available.

The systems, therefore, not only enable the physicians to perform their work
more effectively and efficiently and render high-quality services to their patients,
but also provide them with care parameters. This helps to enforce practice guide
lines; in addition, it provides peer data on providers which enables benchmarking
for specific treatments in terms of costs, length of stay, and other key variables to
be calculated. The systems also enable the center to understand the occurrence of
outliers, i.e. physicians' practice patterns can be studied to understand why they
are outliers and then, if necessary, to change inappropriate behavior and thereby
support effective and efficient delivery of healthcare. Physicians play an active role
with defining the criteria and characteristics of the functions of the systems. This
is an example of knowledge creating/renewal aspects enabled and supported by
the system. In addition, the systems facilitate the sharing of knowledge, enabling
discourse and discussion between physicians and other members of the multidis
ciplinary team. Thus, in an ad hoc fashion, the HMISs are supporting the four key
knowledge transformations of combination, internalization, externalization, and
socialization. However, without a structured systematic approach, i.e, given the ad
hoc nature of these knowledge transformations, it is reasonable to expect that the
Spine Unit is not fully maximizing the potential of these knowledge assets. We
assert that the full potential of these knowledge assets can be realized through the
establishment of a KMI.

7.5 Discussion

From the data presented on the Spine Unit in Section 7.4, it is possible to ob
serve that the Spine Unit has a significant investment in technology, both at the
clinical and practice management levels. On the clinical side there are various
technologies that facilitate speedy detection and then enable the subsequent cure
to be effective and efficient, thereby ensuring a high standard of quality treatment
is experienced by the patient. On the practice management side the HMISs are
crucial. When the Spine Unit is analyzed through the lens of KM, the relevant
technologies become those on the practice management level, namely the tech
nologies that make up the HMIS. These various technology systems (which make
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TABLE 7.2. Relevant case elements in terms of the KMI model.

KMlelement

Infrastructure for
collaboration

Organizational
memory

Human asset
infrastructure

Knowledge
transfer
network

Business
intelligence
infrastructure

Casestudyelement

Primarily via the HIS:the system provides the forum for theexchanging of
patientdataand medical Information between members of the
multidisciplinary team.

Alsothe OOSS: this provides the opportunity to shareand discuss treatment
optionsamongst members of the multidisciplinary teamin an efficient and
effective fashion.

Forexample, whenlooking at a patientwhohadspinalfusion: neurosurgeons
andorthopedic surgeons havethe infrastructure toexchange keyinformation
anddataeasilyin an organized and systematic fashion regarding thebest
procedure to follow and howto proceed on sucha procedure. Such
interactions supportthe knowledge transformations, in particular
extemalization.

HOBMS: thedatabase storeslargevolumes of datapertaining to treatments,
keyprotocols, and statistics regarding cureoptions, as wellas lessons learnt
pertaining to various curestrategies.

Multidisciplinary spinecare team: thecombination of highlytrained
specialists fromneurology, neurosurgery, and orthopedics, as wellas
psychologists, physical therapists, operating roompersonnel, and
lab/radiology experts, are all vital to ensuring a propercureoutcome.

Primarily via theaoss: the creationof newknowledge, as wellas the
possibilities to discussanddebateappropriate curestrategies to various
cases,is enabledand facilitated.

Alsovia HIS:the abilityto accesscomplete medical records and thereby
develop a clear understanding of the patients' truehistory is supported via
the HIS; in addition, it is possible to accessthe latestmedical findings via
this system.

Onceagain,keyknowledge transformations are supported in a systematic and
structured fashion, including combination andextemalization.

eMS: thecasemixdataand information storedon this system, as wellas the
abilityof the systemto linkbothvertically and horizontally, enables
integration acrossthe SpineUnit,resulting in supporting the business
infrastructure.

up the generic healthcare information system of the Spine Unit and are described
in Table 7.1) form the collection of key data and information and then, through
variousinteractionsof membersof the multidisciplinaryteam with these technolo
gies, protocols, and treatment, patterns are changed or developed; that is, through
the interactionsof both people and technologies, these raw data and informational
assets are transformed into knowledge assets. Table 7.2 identifies each relevant
case element in terms of the KMI framework presented earlier.

Whatcan be seen, then, is a veryheavyinvestmentin thebusinessintelligencein
frastructure, i.e, HMISs which are facilitating the knowledgetransfer,maintaining
the organizationalmemory,and enabling the collaborationof the multidisciplinary
team in a very effective and efficient fashion. The Spine Unit has highly trained
specialistswhoareencouragedalwaysto keepat thecuttingedgeof newtechniques
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for achieving better results and higher quality outcomes, with a strong emphasis
on continuous improvement, they impart and exchange the knowledge and skills
gained via interacting with the GDSS and the HIS components of the HMIS.

One can see from Table 7.2 that, in this cure setting, the KMI is established
and sustained through the technologies in place. By explicitly identifying the
components of the KMI in the Spine Unit case study, it is possible to make explicit
the knowledge assets currently in place, thereby facilitating better management
of these knowledge assets, as well as maintaining and updating the KMI itself,
as it becomes possible to identify key knowledge transformations in a systematic
fashion.

Technologies are continuously changing, and when new technologies are added
to the Spine Unit it will then also be possible to evaluate their role in sustaining and
supporting the existing KMI. Furthermore, by making explicit the elements within
the KMI as they occur in the case study, it is possible to get a feel for the relative
complexity of various tasks and processes that are evidenced in the Spine Unit
and thus be able to evaluate these to identify whether modifications are required
or how best to support them. Therefore, it is not only possible to identify elements
of the KMI within the Spine Unit, but by doing so one can ensure that the KM
processes that occur are supported and enhanced so that the primary goal of cure
for the patient is indeed realized.

In addition, the KMI facilitates the knowledge transformations of the knowledge
spiral, which in tum serve to increase the extant knowledge base of the organization,
thus enabling the spine unit to maximize the full potential of its knowledge assets.
Moreover, once such a KMI is established it is then possible to apply the Ie to
the data and information stored and generated throughout the healthcare setting
so that superior healthcare decisions can be made, as the following example from
the orthopedic operating room highlights [4].

The orthopedic operating room represents an ideal environment for the appli
cation of a continuous improvement cycle that is dependent on the IC. For those
patients with advanced degeneration of their hips and knees, arthroplasty of the
knee and hip represents an opportunity to regain their function. Before the opera
tion ever begins in the operating room, there are a large number of interdependent
individual processes that must be completed. Each process requires data input and
produces a data output, such as patient history, diagnostic test, and consultations.

From the surgeon's and hospital's perspective, they are on a continuous cycle.
The interaction between these data elements is not always maximized in terms
of operating room scheduling and completion of the procedure. Moreover, as the
population ages and a patient's functional expectations continue to increase with
their advanced knowledge of medical issues, reconstructive orthopedic surgeons
are being presented with an increasing patient population requiring hip and knee
arthroplasty. Simultaneously, the implants are becoming more sophisticated, and
thus more expensive. In tum, the surgeons are experiencing little change in system
capacity, but are being told to improve efficiency and output, improve procedure
time, and eliminate redundancy. However, the system legacy is for insufficient
room designs that have not been updated with the introduction of new equipment,
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poor integration of the equipment, inefficient scheduling, and time-consuming
procedure preparation. Although there are many barriers to re-engineering the
operating room,suchas thecomplex choreography of the perioperative processes,
a dearth of data, and the difficulty of aligning incentives, it is indeed possible to
effect significant improvements through the application of the IC.

The entire process of getting a patient to the operating room for a surgical
procedure can be represented by threedistinctphases:preoperative, intraopertive,
and postoperative. In tum, each of thesephasescan be furthersubdivided into the
individual, yet interdependent, processes that representeach step on the surgical
trajectory. As each of the individual processes is often dependent on a previous
event, the capture of event and process data in a data warehouse is necessary.
The diagnostic evaluation of these data, and the reengineering of each of the
deficient processes, will then lead to increased-efficiency, For example, many
patients areallergic to thepenicillin family ofantibiotics thatareoftenadministered
preoperatively in order to minimizethe risk of infection.

Forthosepatientswhoareallergic, a substitute drugrequires a45minmonitored
administration timeas opposedto the muchshorteradministration timeof thede
faultagent.Sincetheantibiotic is onlyeffective whenadministered priortostarting
the procedure, this oftenmeansthat a delay is experienced. Whenidentified in the
preoperative phase,thesepatientsshouldbe preparedearlieron the day of surgery
and the medication administered in sufficient time such that the schedule is not
delayed. This prescriptive reengineering has directly resultedfrom miningof the
data in the information systemin conjunction withan examination of the business
processes and their flows. By scrutinizing the delivery of care and each individual
process, increased efficiency and improved quality should be realized while max
imizingvalue.Forkneeand hip arthroplasty, thereare over432 discreteprocesses
thatcan be evaluated and reengineered as necessary through the application of the
IC [49].

7.6 Conclusions

Healthcare globallyisfacingmanychallenges, including escalating costsandmore
pressures to deliver high-quality, effective, and efficient care. By nurturing KM
and making the knowledge assets explicit, healthcare organizations will be more
suitablyequippedto meet thesechallenges, sinceknowledge holds the key to de
veloping betterpracticemanagement techniques, and data and information are so
necessary in disease management and evidence-based medicine. The case study
data presenteddepictedthe complexity of the servicedelivery process,driven by
the complexity of the issuesbeingdealt with by the teams,which in tum requires
that many disciplines create and share knowledge to enable the delivery of a high
quality of care. Thus, the need for shared knowledge is a fundamental require
ment. The KMI was presentedand used to structure these disparate knowledge
assets as explicitand integrated withina largersystem,i.e. the generichealthcare
information system,that allowed analysis of the extent of the KMI for the Spine
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Unit. Further, such a framework in particular supports in a systematic and struc
tured fashion all four key knowledge transformations identified by Nonaka [15],
in particular that of externalization (tacit to explicit). The application of the IC to
this generic healthcare information system ensures that maximization of appro
priate and germane knowledge assets occurs and a superior future state will be
realized.

On analyzing the case data with the KMI framework and IC model, the benefits
to healthcare of embracing KM become clearly apparent. Given the challenges
faced by healthcare organizations today, the importance of KM, understanding
the means available to support KM, and explicitly developing and designing an
appropriate healthcare information system using the KMI framework and then
applying to this the IC model is, indeed, of strategic significance, especially as it
serves to facilitate the realization of the value proposition for healthcare.
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8
The Hidden Power of Social
Networks and Knowledge Sharing
in Healthcare

JAY LIEBOWITZ

Abstract

Social networking has been shown to lead to effective collaboration, innovation,
and knowledge sharing. In the healthcare field, knowledge flows and knowl
edge gaps in healthcare providers can be identified by social network anal
ysis. Social network analysis should be used as part of the knowledge audit
process. This will better inform the knowledge management strategy of the
organization.

8.1 Introduction

The biomedical computation community is complex. According to Noy et al.
[1], there are hundreds of different knowledge bases (e.g. Gene Ontology,
SNOMED-CT), multiple metadata formats (e.g. caBIO), many primary databases
(e.g. GenBank, MEDLINE), multiple languages for representing data structures
(e.g. DICOM, MAGE-ML), numerous vocabularies (e.g. UMLS, SNOMED-RT),
and various ontologies (Protege tools [2]). At the same time, a great need exists for
sharing knowledge among physicians and other healthcare workers [3]. This is ex
emplified by Dr Feied's keynote address at the 2004 Annual Medical Informatics
and Emergency Medicine Conference, when he stated:

You shouldworkto reduceinstitutional dependence on specialized personnel with"secret
knowledge" thatallowsthemtocompletetasksnobody elsecanperform. If theunitsecretary
is the only one who knows how to place or cancel an order,every coffee break can put a
congested department furtherbehind.

A number of studies have looked at knowledge-sharing behaviors in the health
profession. One study [4] examined knowledge-sharing behaviors of physicians in
hospitals. There were 286 physicians in 28 types of subunits in 13 hospitals who
were part of the study. Using the theory of reasoned action and the theory of planned
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behavior, it was found that a physician's perceived social pressure to perform or not
to perform the knowledge-sharing behavior ("social norm") has the strongest total
effect (direct plus indirect) on his/her behavioral intentions to share knowledge.
Attitude (the degree to which a physician has a favorable or unfavorable evaluation
of performing the knowledge sharing behavior) and perceived behavioral control
(perceived ease or difficulty of performing the knowledge sharing behavior) were
found to have significant effects on the physician's knowledge-sharing behavior.
From the study, it was suggested that hospital management should pay more at
tention to creating an environment where physicians can have positive subjective
norms and attitudes towards knowledge sharing. Also, those responsible for knowl
edge management systems should make more effort to enhance the accessibility
of physicians to workplace communications.

Gabbay and Ie May [5], in their ethnographic study of knowledge management
in primary care in the UK, highlight the potential advantage of exploiting existing
formal and informal networking as a key to conveying evidence to clinicians.
Olsson Neve [6], from Stockholm University, also looked at knowledge sharing in
the primary care sector and found similar conclusions.

Atkinson and Gold [7], in their Delphi study of PreventionEffects.net, found
that a knowledge management system would facilitate knowledge transfer. The
study respondents wanted a knowledge management system that was user friendly
(92.86%), fit the content to user needs (85.71 %), and included descriptors that
indicate what kind of information and standards of evidence went into a report
(82.14%).

Anderson [8] identified the structure of the referral and consultation networks
that link 24 physicians in a group practice. Anderson studied the effect of the
physician's location in the network on their use of the hospital information system.
Through the use of social network analysis (a technique for mapping relationships
between actors), Anderson identified influential individuals or opinion leaders who
are critical in the introduction of new information technology. Relationships among
healthcare providers, departments within healthcare organizations, and other or
ganizations were also analyzed. Cravey et al. [9] used socio-spatial knowledge
networks for chronic disease prevention and found knowledge network nodes that
were strong, reluctant, latent, isolated, and irrelevant.

Even pharmaceutical companies are learning from success and failure, as dis
cussed byZimmermann [10]. They are making the most of knowledge management
from drug development to delivery. For example, Spirig Pharma AG is pushing
knowledge to individuals based on their current projects and interests. Pfizer is us
ing a knowledge management system to store product data and make it accessible
to the sales force in the field.

Dambita et al. [12] conducted a knowledge audit using social network analysis in
the Division of Health Sciences Informatics at Johns Hopkins University School of
Medicine. The focus of the knowledge audit study was to make recommendations
to the Division on how to improve knowledge management.
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8.2 Social Network Analysis

In order to assess knowledge sharingpatterns in healthcare better,social network
analysis is a techniquethat could be used to a great extent.Cross and Parker [11]
indicatethat networks of informal relationships have a critical influence on work
andinnovation.Researchshowsthatappropriate connectivity in well-managed net
workswithinorganizations canhavea substantial impactonperformance, learning,
and innovation [11].

Socialnetworkanalysisinvolves mapping relationships/ties (links/arcs) between
actors/nodes (individuals/units) in order to determineknowledge flows. There are
six main steps to conductinga social networkanalysis [11]:

1. Identifya strategically importantgroup.
2. Assessmeaningful and actionablerelationships.
3. Visually analyze the results.
4. Quantitatively analyze the results.
5.. Createmeaningful feedback sessions.
6. Assess progressand effectiveness.

Socialnetworkanalysissoftware, such as NetMinerand Netdraw, help in quan
titatively and visually analyzing the results. For example, Figure 8.1 shows a
networkdiagram by department based on the type of knowledge that is requested
and conveyed.

Comm'!f.!ications

anagement
.~

FIGURE 8.1. Network diagram: subject matter expertise (department).
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Through determining centrality (in-degree, out-degree, betweenness, closeness,
etc.), knowledge flows can be mapped using social network analysis to determine
knowledge sources and sinks. Brokerage measures can also be determined, such
as who are the coordinators (i.e, people who broker connections within the same
group), gatekeepers (people who broker connections between their own group
and another), and liaisons (those who broker connections between two different
groups). Social network analysis can uncover the central connectors, boundary
spanners, information brokers, and peripheral specialists. Social groups and po
sitions in groups can be visualized by considering the strength of connections
between individuals (proximity data).

8.2.1 Organizational Issues Affecting Knowledge Sharing
Among Physicians and Other Healthcare
Professionals

Bali et al. [13] state that the main reason for a lack of a comprehensive healthcare
knowledge management system in organizations is the failure of healthcare stake
holders in properly creating a conducive organizational culture. Part of building an
organizational culture that accepts knowledge sharing as everyday practice is the
notion of knowledge exchange. According to Johannessen et at. [14] and Whittaker
and van Beveren [15], four conditions must be met for a knowledge exchange to
happen:

• Accessibility. The opportunity must exist to make an exchange.
• Anticipation. The parties in the exchange must anticipate the creation of value.
• Motivation. Parties must be motivated and feel that the exchange will provide

them with benefits.
• Capability. The parties have the capability to execute the exchange.

Often times, the motivation may be lacking as a central ingredient for knowl
edge exchange and knowledge sharing. In some cases, the physician may act as
a "knowledge czar" and the caste system may inhibit knowledge exchanges from
taking place. Some organizations, like The World Bank, have included learning and
knowledge-sharing proficiencies as part of the employee's annual job performance
appraisal. Some other organizations base promotions partly on knowledge-sharing
activities.

However, the training of physicians is typically through a master-apprentice
relationship, where mentoring is the key mechanism for knowledge exchanges.
Thus, a culture for knowledge sharing, through the mentoring activities, should
be embedded within the physician's value system. Additionally, as the age of
specialization continues to become more niche-like, it becomes more paramount
to seek out others for advice, which again should contribute towards building a
knowledge-sharing culture.

Part of the confusion may be this blending of roles and responsibilities among
healthcare professionals. For example, physician assistants provide healthcare



108 J. Liebowitz

services under the supervision of physicians-according to the US Department
of Labor Occupational Outlook Handbook (www.bls.gov). In 47 states and the
District of Columbia, physician assistants, however, may prescribe medications,
which used to be the auspices of the physician. According to the Occupational
Outlook Handbook, the duties of physician assistants are determined by the su
pervising physician and by state law. The responsibilities of nurse practitioners
have also increased throughout the years. According to the Occupational Out
look Handbook, nurse practitioners provide basic, primary healthcare and they
diagnose and treat common acute illnesses and injuries. Nurse practitioners also
can prescribe medications, but certification and licensing requirements vary by
state.

The differentiation between the physicians and other related healthcare prac
titioners has blurred over recent years. This may cause some discomfort and
annoyance among various healthcare professionals, as roles and responsibilities are
changing somewhat. This could cause some people to hold back their knowledge
and could lessen knowledge sharing from taking place.

Knowledge management can be an integrative mechanism to cut across func
tional silos. In the healthcare field, like most disciplines, functional silos are perva
sive; and often, one hand doesn't know what the other is doing. A classic example
of this case is getting reimbursed for health claims. How many times has the health
claim reimbursement that you receive as an insured been incorrect and later edited
to the proper amount? Likewise, how many times have hospitals incorrectly billed
health insurance companies for medical supplies, tests, and other items? Part of the
reason for these occurrences is due to the lack of information and communication
among interested parties, who are often departmentalized and "siloed," Knowledge
management can form the bridges between these isolated islands of knowledge.
However, again, there must be incentives and motivation for doing so. Motivation
should exist, however, such as improving the quality of care, improving patient
safety, reducing litigation, enhancing worker productivity and effectiveness, and
improving cost efficiencies. Senior leadership must communicate their vision for
such goals to their employees, and the employees must feel empowered to act
towards contributing to these goals.

Knowledge management efforts may fail from an organizational point of view
because the knowledge management strategy and resulting implementation plan
may not be aligned with the organization's strategic goals. Proper strategic align
ment is critical towards achieving knowledge management success in any health
care organization. According to Liebowitz [16,17], organizations typically under
take knowledge management initiatives for the following reasons:

Adaptability/agility

• anticipate potential market opportunities for new products/services;
• rapidly commercialize new innovations;
• adapt quickly to unanticipated changes;
• anticipate surprises and crises;
• quickly adapt the organization's goals and objectives to industry/market changes;
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• decrease market response times;
• be responsive to new market demands;
• learn, decide, and adapt faster than the competition.

Creativity

• innovate new products/services;
• identify new business opportunities;
• learn not to reinvent the wheel;
• quickly access and build on experience and ideas to fuel innovation.

Institutional memorybuilding

• attract and retain employees;
• retain expertise of personnel;
• capture and share best practices.

Organizational internal effectiveness

• coordinate the development efforts of different units;
• increase the sense of belonging and community among employees in the organi-

zation;
• avoid overlapping development of corporate initiatives;
• streamline the organization's internal processes;
• reduce redundancy of information and knowledge;
• improve profits, grow revenues;
• shorten product development cycles;
• provide training, corporate learning;
• accelerate the transfer and use of existing know-how;
• improve communication and coordination across company units (i.e, reduce

stovepiping).

Organizational external effectiveness

• reach to new information about the industry and market;
• increase customer satisfaction;
• support e-business initiatives;
• manage customer relationships;
• deliver competitive intelligence;
• enhance supply-chain management;
• improve strategic alliances.

If healthcare organizations and healthcare professionals can benefit from these
factors, as well as improving patient safety and care, knowledge management can
have a key role to play towards achieving "mission success."
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8.2.2 Linking Social Network Analysis for Improving
Knowledge Sharing in Healthcare

To erode some of these organizational issues relating to knowledge sharing among
healthcare professionals and healthcare organizations, social network analysis can
help identify where the knowledge gaps are occurring in the knowledge exchanges
among healthcare individuals and units. By applying social network analysis, social
groups and positions in groups can be visualized by considering the strength of
connections between individuals (proximity data). Social network analysis and
knowledge sharing/knowledge management techniques (e.g. online communities
of practice, lessons learned/best practice systems, expertise locators, and others)
can enhance the organizational learning environment.

Social network analysis can also identify the sources and sinks of knowledge, and
determine where the barriers might exist for smooth knowledge flows. Different
types of knowledge applied by healthcare professionals could be examined, such
as context knowledge, expert process knowledge, general process knowledge, rela
tionship knowledge, and strategic knowledge. By applying social network analysis
to each of these types of knowledge, an informed opinion could be generated on
how the different types of knowledge are permeating the organization. Social
network analysis could also examine the healthcare organization's employees by
tenure in the organization in order to see whether the junior-level employees are
in communication with the senior-level employees. Additionally, intra- and inter
department communications flows could be analyzed to see distinct patterns of
interactions. Through social network analysis, individuals in the "power" posi
tions could be identified based upon knowledge flows, and individuals could also
be represented as isolates, transmitters, receivers, and carriers. These analyses will
then provide the data to develop improved ways to share knowledge and commu
nicate better between healthcare individuals and units.

8.3 Summary

Social network analysis is becoming more pervasive in various applications. For
example, the Web site www.thefacebook.com allows university students to form
social networks, and www.linkedin.com allows social networks to form among
people with related organizational interests. Social network analysis has been
used in applications ranging from determining collaboration among executives
in a multinational firm after a merger has taken place, to determining knowl
edge flows and gaps in an information technology division at a major interna
tional bank. Social network analysis should be part of the knowledge manager's
toolkit to assess knowledge-sharing techniques and communications within their
organization better. In the healthcare field, as things continue to become more
specialized, the silo effect can be a likely occurrence. This creates a greater need
for applying knowledge management processes, systems, and tools to improve col
laboration and communication among healthcare professionals and organizations.
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Social network analysis can help in this endeavor, and, in the years to come, social
network analysis will continue to be used and embraced within the healthcare
profession.
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9
Constructing Healthcare Knowledge

ZHICHANG ZHU

Abstract

Healthcare knowledge is social constructs and the management of it is essentially
context specific, constructive processes via which concerned actors interact with
each other so as to accomplish socio-cognitive changes. Critical factors shaping
these processes include social structure, institutional logic, and political action.
The socio-cognitiveconstruction of healthcare knowledge underlies broad ranges
of healthcare phenomena, issues, and programs, from designing healthcare tech
nology to reforming healthcare service.

9.1 Introduction

In this chapter we take as the point of departure that healthcare knowledge is social
constructs and that knowledgecreation, consumption, and management are essen
tially social processes [1,2]. In particular, we adopt a socio-cognitive perspective
that conceives the construction of knowledge as accomplishing changes not only
in technical, but also, and primarily, in cognitive and social fronts [3,4]. We aim
to enlarge our conceptual scope for looking at healthcare knowledge management
beyond a purely technology perspective whilst still take into account the impor
tant effect of technology. We introduce readers to the critical factors involved in
knowledge construction: social structure, institutional logic, and political action.
Drawing upon recent researches in technology development, social movement,
and institutional entrepreneurship studies, with this chapter we wish to explore
a holistic, pragmatic, and hence realistic approach to the knowledge construc
tion process, i.e, to understand how socio-cognitivechanges are accomplished via
purposive actions by concerned actors who hold varying interests and frames of
reference. Wepresent two case studies to illustrate how such an approach can help
to generate new insights upon how new healthcare technology is created and how
healthcare services are reformed,
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9.2 Healthcare Knowledge as Social Constructs

How should a National Health Service (NHS) be managed and delivered? How
does one choose between competing designs of healthcare technology when safety
and efficacy effects are ambiguous and uncertain? Are obesity, binge drinking, and
heavy smoking health or social problems? Should people with such problems re
ceive NHS treatment with equal opportunities as those without such problems do?
Are these really "problems" to be solved after all, or simply personal choices of
life style which individual citizens are entitled to and which democratic polities
must protect? Who should make these decisions: doctors, patients, managers or
politicians, and how? These kinds of issue increasingly occupy the center stage of
knowledge discourse upon healthcare services, particularly in Western, developed
economies. Settlements and compromises, not necessary convictions or consen
sus, from such discourses constitute what we claim as healthcare knowledge based
on which healthcare services are organized, financed, designed, consumed, and
evaluated, affecting what healthcare to deliver, with what means, how, by, and to
whom.

Technology plays an important role in the construction of healthcare knowl
edge. It is well documented, for example, that, with the spread and popularity
of the Internet usage in society, doctors found themselves no longer the only
source or authority of medical knowledge: patients were becoming increasingly
well informed and knowledgeable, better prepared, and willing to participate in
and influence decisions concerning the treatments and cares they receive. WebMD
(www.webmd.com), an online healthcare company, currently receives 20 million
visitors every month for consumer-focused healthcare information that helps them
to take an active part in managing their own health. Non-for-profit organizations
(NPOs) greatly facilitate healthcare knowledge construction, too. Cochrane Col
laboration (www.cochrane.org).aninternational NPO, for example, provides up
to-date analysis about the effects of healthcare services readily available worldwide
through the Internet, enabling healthcare consumers to discuss, review, design, and
disseminate treatments and cares that suit them. As patients become more and bet
ter knowledgeable about healthcare due to increased availability of information
and communication technology, they are, more than ever before, demanding and
willing to enter into dialogues and decisions. As a result, healthcare knowledge
is generated and consumed increasingly through a sharing relationship between
doctors and patients rather than the once-dominant doctor-centered process. In
short, the social construction of healthcare knowledge becomes more apparent,
conscious, and widely spread.

While the impacts of technology are in no doubt, it is critical to note that
such impacts are taking place in historically situated contexts, both temporally
and spatially. They are likely to differ across times and spaces, due to ideologi
cal, cultural, social, institutional, and political circumstances. This also applies in
healthcare discourses. A mother from Hong Kong would be horrified to watch a
Singaporean doctor pouring cold water onto her baby who got fever; we did not
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call patients consumers 20 years ago; and it remains a strange idea in China that
fathers are entitled to matemalleave. The settlements and practices generated from
healthcare policy discourses and healthcare knowledge claims are hence context
specific, shaped by socio-cognitive factors. For a systemic understanding of these
shaping factors, and hence of the social construction of healthcare knowledge,
in the following we introduce a few useful analytical constructs: social structure,
institutional logic, and political action.

9.3 Social Structure

Social structure denotes in this chapter the actors who are involved in the knowledge
construction process, as well as the relationships between those actors. Studying
social structure is critical for the understanding of knowledge construction, since,
after all, knowledge is created by social actors who are embedded in a world of
norms, values, beliefs, experiences, expectations, and relationships. A useful tool
for investigating social structure is "stakeholder analysis" [5]. While recognizing
that different empirical situations implicate different sets of stakeholders, as well
as relationships, we propose a generic healthcare stakeholder model for readers to
kick-off their learning and analyzing process. We begin with considering four key
stakeholder groups: consumers, providers, agencies, and sponsors.

Consumers. These are patients and prospective patients who consume healthcare
services. Significant features of contemporary healthcare consumers deserving
particular consideration are consumer diversity and the consumers' increasingly
active roles. Over the past decades, we have witnessed a long-term, stable pattern
of social change in Western, developed societies. "This shows up in population
statistics as shorter marriages, more divorces, smaller households, later date of
first marriages, increased number of single mothers, increased mobility, and in
creased number of women and children in poverty" [6]. At the same time, as a
direct consequence of increased immigration, the population becomes more di
verse by ethnic group, culture, and language. As democracy and decentralization
trends deepen, consumption patterns and consumer behaviors are changing. Ser
vices and products, in the healthcare domain, as in other areas of consumption,
are expected to adjust to fragmented, individual consumer needs rather than gear
toward the no-longer-existing homogeneous need of a single, large population.
Mass media nurture and reinforce the awareness and assertions of diversity and
customization. Consumers are also differing in accessing education and informa
tion, in the ability to negotiate and utilize healthcare knowledge. Overall, however,
consumers are becoming more demanding and willing to enter into dialogue and
negotiation, participate, and influence decisions concerning their own care and
treatment.

Providers. Under this group we put together doctors, nurses, and other health
care professionals, public as well as private hospitals, pharmaceutical and medical
equipment companies, other medical service suppliers, healthcare research insti
tutes, and so on. Apparently, providers, differentiated because of division of labor,
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need to corporate with each other in order to provide appropriate services for
consumers. On the other hand, competition abounds: the interests and demands
of these providers are no less diverse than those of consumers. What healthcare
duties, opportunities, and resources are allocated to which groups, and how, are
generating different and even conflicting viewpoints and suggestions, all based
on distinctive disciplinary knowledge and professional experiences, in addition
to vested interests, that are particularly appealing to different service providers.
Disagreements are likely continuing to exist, too, between frontline professionals
and backend management upon how services and performance is to be conducted
and evaluated, especially during the "reforms" that, nowadays, appear to be taking
place anywhere and everywhere all over the world.

Agencies. These are the government and sublevel governmental bodies, plus
"independent" administrative/research institutions, that are granted authority and
responsibility to evaluate, approve, regulate, and fund medically necessary health
care provisions. They are accountable to the public for ensuring that high-quality
services are available when required, and are responsible for ongoing system-wide
review and coordination. We qualify these agencies, including the government, as
stakeholders in order to stress the point that they are not necessarily neutral guar
antors of public interest. Rather, these agencies have their own inherently vested
interests. This is because agencies are peopled and the people belong to and control
these agencies are no less interest-aware and interest -seeking than other stakehold
ers. After all, "agency problems" are not confined to hired corporation executives
only. In a sense, the vested interests of agencies in representative democratic poli
ties are more determining and opportunistic than in autocratic systems. There is no
lack of evidence that agencies please and manipulate other stakeholders in order to
benefit themselves, e.g. burying "bad news" and economizing information in order
to stay in power. In addition to this, various agencies have divergent experiences,
expertise, and frames of reference, and they believe, honestly to different extents,
that their specific knowledge, rather than that of other agencies, serves the public
best.

Sponsors. These are the general public, taxpayers, particularly voters, who select
the government, and hence also the agencies to manage the healthcare services on
their behalves, and who ultimately finance the NHSs. It is self-evident that the
analysis of healthcare consumers is equally applicable to sponsors. Nevertheless,
one additional dimension is relevant to sponsors, i.e. sponsors are also concerned
with the relationships between healthcare and other public services they want to
receive and pay for, e.g. childcare, education, pension, police, and transportation.
In the real world, where resources are scarce, decisions have to be made and
relevant knowledge is needed upon the relationships and priorities between these
services. Given that sponsors are further differentiated by wealth, life style, family
situation (e.g. the number of children, old age, and working people), etc., they
have different rankings of priority among healthcare and other public services and
benefits, which will in turn influence their beliefs, knowledge, and decisions about
what constitutes proper healthcare service and how it is to be fairly and efficiently
organized, financed, and provided.
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In the above, we briefly introduced four groups of key stakeholders which con
stitute the social structure insofar as healthcare service is concerned. Several points
deserve our attention.

First, stakeholder is an analytical concept that concerns the roles that actors
play. In the empirical world, an actor is likely to play more than one role, e.g.
a patient as a consumer is at the same time a sponsor if s/he is a taxpayer, and
perhaps also working in a healthcare agency, hence assuming a further third role.
Thus, stakeholders' interests, expectations, and knowledge claims can well be as
overlapping as competing, full of divergence, and compromising.

Second, the above analysis is only a preliminary starting point; further sublevel
analysis is usually needed in empirical situations so as to take into account the vast
differences within each of the stakeholder groups. In some circumstances, it should
be noted, the nature of the problem at hand may dictate that the relationships,
interactions, and power plays between stakeholders within one group be more
fierce and crucial than those among stakeholder groups.

Third, the criticality of different stakeholders may not be the same across cases
and situations. In some circumstances, the government wields sufficient power to
accomplish change programs, whilst in others the healthcare providers are able to
insert stronger influences, and sponsors are likely to be listened to more carefully
when a general election is approaching. In cases of long-term illness or healing,
consumers could be fairly knowledgeable and actively involved in designing treat
ments, whereas during the early stage of a healthcare technology design, a patient's
role can be largely confined to being a research subject, muted into the background
of decision making.

Fourth, stakeholders need to, as they did and are doing, interact with each other,
formally and informally, consciously or unconsciously, via multiple channels, so
that the provision and consumption of healthcare services can be realized. It is also
through such interactions that healthcare .knowledge is continuously constructed
and reconstructed. Isolated from the interaction between stakeholders, detached
from "moments of truth," healthcare knowledge ceases to be effective, useful, or
even meaningful. .

Then, why is stakeholder analysis, and hence the investigation of social struc
ture, important? Viewed from a socio-cognitive, constructivist perspective, this is
because knowledge is created by social actors who assume varying interests and
hold heterogeneous experiences, expertise, expectations, and frames of reference.
In other words, different stakeholders are likely to contribute to the construction
of healthcare knowledge differently, in content, manner, and purpose, partly due
to diverse interests and positions in power structure, and partly due to the di
verse training they received and the experiences/expertise they have accumulated.
Because of the diversities in past experiences, development paths, and cognitive
frames among stakeholders, it is difficult, ifnot impossible, to erect all-agreed and
all-embracing criteria for evaluating knowledge claims objectively, even if stake
holders strive to do so; thus, knowledge is, in the end, negotiated and settled rather
than discovered and validated. Investigating who is involve in, what roles they
play, what interests they assume, what expertise they possess, what frames they
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adopt, what resources they mobilize, and what relationships they are creating and
imbedded in is, thus, a prerequisite for a fuller understanding of how knowledge
is constructed.

Finally, stakeholders and their relationships are changing. This is significant,
since changes in social structures will inevitably lead to changes in healthcare
services. For example, a more diverse and assertive population sooner or later
demands customized rather than homogeneous healthcare services, for the benefits
of individuals as well as the efficiency of the society. The central problem we
need to explore and are looking at is that the latter, due changes do not occur
automatically in a deterministic, "natural" manner, since any such change will
shake the status quo, disrupt the extant configurations of interests, resources and
power, confront cognitive barriers and tensions, and hence encounter divergent
reactions and strategies.

9.4 Institutional Logic

Institutional logics are organizing principles guiding social actions, and refer to a
set of belief systems and associated practices [7].

There are institutional logics at various levels of social organization and in dif
ferent social domains: societies, industries, organizational fields and populations,
ethnic groups, professionals groups, etc. [8]. "The market," for example, is a well
known institutional logic via which social actors conduct, coordinate, and govern
activities in the economic realm. Doctor-centered medical professionalism used to
be a widely held institutional logic guiding the provision of healthcare services.
Churches, the army, commercial firms, and families follow distinctive institutional
logics to organize and maintain their unique relationships and practices respec
tively. Even inside the same industry, "logics" tend to be varying: the microchip
producer Intel is not operating in the same way as the PC provider Dell. On the
other hand, the "logics" of the microchip arms of Intel, Samsung, and Siemens
resemble each other, so too do those of Dell, Gateway, and Lenovo.

As principles, beliefs, and value systems, institutional logics are human devices.
Once being created, reinforced, and taken for granted, i.e, institutionalized, how
ever, institutional logics tend to take on lives of their own, obtain fact-like status,
gain law-like capabilities and efficacy, and underlie and shape social relations and
practices [9].

From a knowledge construction point of view, we stress the following four
features of institutional logics: stability, heterogeneity, dominant logic, and com
plementarity.

Stability. Institutional logics are relatively stable, held by social actors, able to
pattern actors' conduct, with traceable consequences. With institutional logics, ac
tors know how they should act and how other actors are likely to act under a broad
spectrum of circumstances. The "wheel" of social understanding, expectation,
contract, and guidance has already taken shape, molded by institutional logics, no
need to be reinvented every time. As such, institutional logics provide legitimacy,
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set standards, supply codes of practice, reduce uncertainty, facilitate reasonable
action, smoothen intended interaction, nurture social coherence, and increase so
cietal efficiency [10]. Institutional logics do change, as we discuss below, but no
society or social domain, healthcare service included, can operate properly without
stable institutional logics. Stability is close to inertia, however. As a set of values,
belief systems, and associated practices, institutional logics can become deeply
ingrained, resistant to change initiatives. It is difficult to "switch" from one institu
tionallogic to another overnight at will. The problematics of the market-oriented
reforms that occurred in the planned economies in the former Soviet Union and
Eastern European countries underscore this point. In this sense, actors are "em
bedded" in institutional logics. Doctors used to believe they were the only source
and authority of healthcare knowledge; citizens in Western, developed societies,
as well as former communist countries, took as granted comprehensive healthcare
service from the state for free. These dearly held beliefs and taken-for-granted
principles remain strong and deeply entrenched, despite the wide-ranging changes
that have occurred.

Heterogeneity. Different institutional logics are usually coexisting and compet
ing with each other within a social domain. All organizational fields, industries,
and societies consist of heterogeneous institutional logics [11,12]. In modern eco
nomic history, for example, no society has been fully or purely coordinated by the
"market", or by a "plan". No homogeneous value or belief system can be found
within national or regional borders, not even under bloody dictatorships. Because
of heterogeneity, there are always tensions, ruptures, and competitions among in
stitutionallogics, such as those between the "market" andt'plan" in an economy,
between diversification and focusing strategies in corporate management, between
personal agency and social solidarity in citizenship education, between employee
loyalty and labor mobility in human resource management, etc. In one sense, the
coexistence of competing institutional logics gives rise to uncertainty, incoherence,
and hence inefficiency. On the other hand, however, it is the availability of compet
ing institutional logics that generates possibilities for managerial agency, policy
choice, innovation, and reform [8]. It is proposed that coexistence of heterogeneous
institutional logics enables "adaptive efficiency" [13], from which organizations
and the society have much to gain [14]. That China's economic reform has pro
ceeded more smoothly and successfully than those of the former Soviet Union and
Eastern European countries is partly due to the fact that the "plan" as an institu
tional logic was far less strong, effective, overwhelming, or completed in China
and that other institutional logics, such as "financial federationalism-e-Chinese
style," had been allowed to exist [15].

Dominant logic. Owing to heterogeneity, actors within communities hold differ
ent logics, and all social domains, healthcare service included, can be characterized
by competing institutional logics to some degree. But coexisting and competing
logics are not equal, in that, with identifiable eras or equilibrium points over time,
a dominant institutional logic exists and others are subordinated [16]. Otherwise,
codes of practices become confusing, values and beliefs uprooted, social coherence
lost, and institutional logics cease to be effective. "Actors within a field recognise
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the dominance of one institutional logic during times what we can characterized
as relative stability, even though all actors may not agree with that dominant logic"
[7]. A dominant logic does not eliminate competing ones, only subordinate them.
During times of change and reform, heterogeneous institutional logics compete for
dominance, e.g. "market" competes with "plan" in an economy, medical profes
sionalism competes with business principles in healthcare provision. But a domain
and/or society must return to a new point of relative stability with one institutional
logic emerging as dominant so that change or reform can be consolidated. From
this perspective, change and reform are a process of moving from the dominance
of one institutional logic to another [17]. Such moves may never be completed or
total; nevertheless, they occur; different logics continue to coexist and compete
with each other, but under new dominant-subordinate relationships [16]. Viewed
from this perspective, the creation of new knowledge as accomplishment of socio
cognitive changes is a process during which concerned actors settle the dominance
between competing institutional logics.

Complementarity. There are complementarities between institutional logics
across different domains [9,16], as well as between institutional logics and so
cial structures [7]. In economics, two variables are regarded complements when
the increase of one introduces increase of the other. Butter and bread are comple
mentary within a region or population, because an increase in bread consumption
pushes up the demand for butter (in contrast, bread and rice are not comple
mentary; rather, they are substitutive, because an increase in the consumption of
one reduces the other). This explains why a more diverse and assertive population
equipped with newly available information and communication technologies leads
to increasingly fragmented healthcare demands which can only be satisfied by cus
tomized healthcare services that are provided better through a sharing partnership
between patients and healthcare professionals. Industries and public services, such
as healthcare systems, usually develop, over time, logics and designs that "parallel"
with those prevailing in the wider society [9]. Properly materialized, complemen
tarities give rise to systems effects, with the whole being more than the sum of the
parts [18]. Failures to materialize complementarities, on the other hand, result in
misfits between a domain's dominant logic and that of the society, between domi
nant institutional logic and social structure, giving rise to dissatisfaction, tension,
disruption, and inefficiency.

In social domains, complementarities are unlikely occur automatically, even
though they are necessary, particularly when changes are in order. There are usu
ally gaps between the necessity and reality of complementarities, which is mainly
due to vested interest (stakeholders benefit from complementary change initiatives
differently), structural legacies (stakeholders vested with the status quo hold more
actionable resources than those who favor changes), and cognitive barriers (how to
materialize complementarities is difficult to comprehend and work out). In some
circumstances, for example, a particular stakeholder group may hold the power
to alter aspects of social structure, e.g. the government in the UK may use its
legislation power to grant healthcare agencies more power by one stroke. But such
direct command and control over the change of dominance in and of institutional
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logics is not possible due to institutional inertia. The developmentof a new dom
inant logic that is complementary with the altered social structure must thus be
worked out over time among all stakeholders [7,12]. To overcomemisalignments
between social structure and institutional logic, to work out a dominant logic,
and hence to materialize necessary complementarities,purposive,dedicated, and
systemic political actions are needed [19].

9.5 Political Action

In the above, we posit that knowledge construction is essentially a social ac
complishment involving socio-cognitive changes in both social structure and in
stitutional logics, that changes in social.structure and institutional logics must
be complementary, and that the realization of such complementarities demands
proper political actions. The next question is what political actions are in order,
i.e, what do actors do so as to accomplish socio-cognitivechanges and hence set
tle knowledge claims. In this regard, much can be learnt from recent researches
in technology development [20-22], social movement [23,24], and institutional
entrepreneurship [25,26] studies, where the following actions are commonly and
consistently stressed.

Problematizing, Owing to inherent ambiguity and uncertainty, the real func
tion, form, and benefit of an innovation that embodies intended knowledge are
unknown at the present. To gain conceivedsuperiority of the innovationover oth
ers, to secure a chance to start, actors need to problematize stakeholders' present
understandings, framing their future situations and needs as problems to which the
proposed innovationis to provide the solution. Innovation, and hence knowledge
construction, is thus as much about manufacturingproblems as solving them [27].
This is significant, because it is through situation/issue framing and articulation
that institutional logics are devised and proposed.

Deliberating. To choose from different and competing proposals and designs,
concerned stakeholders need, via deliberation, to evaluate and compare options
of various kinds, based on their respective experiences, aspirations, and expec
tations. It is through deliberation that underlying institutional logics are put into
competition, the outcome of which will determine which institutional logic gains
dominance whilst others subordinated.The settlement upon a dominant logicdoes
not mean that all stakeholdersagree with or are.convinced by that logic, but sim
ply that actors become aware of the dominance of that logic and recognize that
violating the logic will invite sanctions unless that dominance is uprooted [7].

Mobilizing. Togain support,endorsement,and acquiescence,actorsneed to mo
tivatecooperationof other stakeholdersby taking their interestsandcircumstances
into account, providing them with common meaning, identity, and commitment
[28],offeringsharedpsychologicalownership[29],by the meansof social [26] and
political skills [30], and, if necessary,modifyingand compromisingthe innovation
and knowledgeitself [31,32]. In the end, erecting dominant logic and constructing
knowledge is about persuasion and negotiation, and hence depends on the com-
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petitive advantage generated from the power, resources, and skills of competing
coalitions [33].

Institutionalizing. This is done by rationalizing, formalizing, legislating and
diffusing favorable standards, codes, protocols, criteria, routines, and beliefs so that
the intended dominant logic and knowledge claim become settled and stable, and
obtain regulative might and legitimacy [34]. It is through such actions and processes
that new meaning gets externalized then internalized, new order established, social
domains and organizational fields recomposed, changes and reforms consolidated,
innovation accomplished, and knowledge constituted. With institutionalization, a
round of the knowledge construction cycle completes.

Successful political action demands "institutional entrepreneurship" [25,26,35]
that is pragmatic in nature. It cannot be centrally planned or linearly executed, due
to novelty and uncertainty, but is always in a state of comprehending, adjusting,
brokering, promising, and improvising. Furthermore, it is intrinsically relational,
since it is about compromising, sharing, motivating, allaying, working with, and
leading others. In seeking dominance for a favored logic and to constitute intended
knowledge, actors need to reflect continuously on their own against emerging
contingencies, and prepare to embrace logics and knowledge of others if necessary.
In social domains, during the social construction process, pragmatic attitude and
maneuvre are a necessity.

In the following, we borrow two case studies to illustrate the explanation power
of our constructivist, socio-cognitive approach to knowledge creation and man
agement. Both cases are in the domain of healthcare service and concerned with
healthcare knowledge. One is about designing a socio-psychological healthcare
technology [3,34], and the other is an efficiency-oriented healthcare reform [7].

9.6 Designing Cochlear Implants

A cochlear implant is a surgically implanted electronic device that provides the
profoundly deaf patient with a sensation of sound. Until the 1980s, human implan
tation research and practice using human subjects, especially involving electrical
simulation, was considered to be morally and scientifically unacceptable, and any
researcher who became involved did so at their own professional risk. This was
because the mechanism by which the human ear functioned was poorly under
stood. It is also because of a lack of testing, comparison, and reporting standards,
making it difficult to assess and compare different approaches.

The new technology later gained requisite legitimacy because of certain
serendipitous events. In particular, regulatory and funding agencies in the US,
such as the National Institutes of Health (NIH) and the Food and Drug Admin
istration (FDA), who played a major role in sanctioning the safety and efficacy
of medical devices through approval processes, decided to support cochlear im
plant work as a result of unrelated research activities on neural cortex simulation
initiated in Europe. Consequently, cochlear implant technology had developed
rapidly within a short period of merely several years and became an acceptable
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clinical practice so that a consensus development conference had to be held in
1988 by the NIH and the FDA in order to resolve a debate between advocates of
single- and multiple-channel cochlear implants.

Seen through a social structure perspective, around the development of cochlear
implant technology there were research institutes, commercial companies, regu
lative agencies, and research universities (universities that received funding and
authority from agencies to evaluate competing approaches). It is interesting to
note that the differences in design logics did not lie, and the battle for legitimacy
was not fought, among stakeholders as homogeneous groups. Rather, they were
between different coalitions of members across these groups, such as between the
coalition of a pioneering researcher William House with 3M Corporation on one
side and the coalition of another pioneering researcher, Graem Clark, with Nucleus
Corporation on the other. There were by 1980 approximately seven such coalitions
or groups. Each was equally qualified and dedicated, but each had to begin with
their distinctive past experiences, starting assumptions, and future expectations
and pursue a different research and clinical approach, since, at this early stage of
technology-in-the-making, nothing else existed but divergent beliefs about what
was feasible or at least worth attempting.

Given the limited state of knowledge regarding hearing, House-3M believed,
based on inductive studies upon clinical experiments, that cochlear implant re
search should begin with a simple device, as it would present the least potential
for neuro-physiological harm to patients, which satisfies the NIH-FDA concern
of safety, while providing researchers valuable knowledge required for future im
provement. This belief led House-3M to develop single-channel technology, which
uses a single electrode implanted at a relatively shallow depth into the cochlea,
designed to provide profoundly deaf patients with a perception of environmental
cues rather than the ability to discriminate between spoken words. Consequently,
those who pursued the single-channel approach believed that the ability to per
ceive environmental cues should be the appropriate measure of cochlear implant
efficacy.

Other researchers held contrasting assumptions about cochlear implant efficacy
and safety. They believed that normal hearing could only be replicated with mul
tiple electrodes, each inserted deep into the cochlea so that different frequency
signals could be delivered at different spots in the cochlea. The deeper insertion of
multiple electrodes might eventually provide patients with the ability to understand
speech. For multi-channel advocates, such as the Clark-Nucleus coalition, the abil
ity to recognize speech, as opposed to environmental cues, was the primary func
tion of cochlear implants and, therefore, the appropriate measure of efficacy. These
coalitions also rejected the likelihood of cochlea damage by multi-channel devices,
largely because of the lack of sufficient evidence. Instead, they saw more harm
in what they considered to be an inferior single-channel technology. What was of
greater safety concern to them was the potential future damage when patients with
single-channel devices sought to replace their implants with multi-channel devices.

Seen from a socio-cognitive perspective, this is an "institutional battlefield,"
asituation where competing logics coexist and fight for dominance. Because of
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the uncertainty and ambiguity associated with technology development, it is not
possible to ex ante determine the success or failure of any particular trajectory,
i.e. single- or multi-channel design in this case. Furthermore, several evaluation
routines existed, each tautological with the specific path and approach that the dif
ferent coalitions pursued. To settle for a dominant logic and constitute a favorable
knowledge claim, political actions came into play, so that a particular evaluation
routine and criterion was applied and the others were selected away. The battle
for a settlement is political in nature since, no matter how formalized or neutral
minded, the NIH and FDA evaluation and approval process cannot mask the fact
that what was measured and how it was measured was subject to interpretation
due to these regulative stakeholders not possessing the prerequisite knowledge to
determine an acceptable evaluation scheme. The resolution of acceptable measures
of efficacy and safety depended largely on the congruence of the beliefs between
researcher-company coalitions and NIH-FDA administrators.

In searching for a favorable settlement, i.e. to obtain the dominance of their
cognitive frame and design logic, House-3M proposed measuring a patient's ability
to understand environment sounds (the monosyllable trochee spondee test) and the
resultant improvement in quality of life. In contrast, Clark-Nucleus employed and
promoted tests that measured a patient's ability to perceive speech and tracked
improvements in speech recognition over time. Consequently, each development
approach led to the development and usage of its own unique evaluation routines,
which selectively reinforced and perpetuated the advantages of their respective
design logics.

Further, 3M proposed to the FDA as a guideline for pre-market approval applica
tion (PMAA) that a minimum of 100 patients be required for establishing efficacy.
This number was based on clinical experience with the 3M-House single-channel
device at that time. 3M organized technical seminars on safety issues for FDA
staff so as to mobilize support. If the 3M proposal was accepted, then Nucleus
would be in a disadvantageous position, since by that time it had clinical data on
only 43 patients. To prevent this eventuality, Nucleus audiologists visited the FDA
and argued that sample size should be a function of the actual performance of
each device, the claims each manufacturer wanted to make about its device, and
the statistical approach adopted to support such claims. During the deliberation
between designs, the different coalitions sought and were each able to find, en
dorsements from evaluation-relevant bodies such as the American Association of
Otolaryngology and the University of Iowa, which received evaluation authority
from the NIH-FDA.

From the vantage point of 3M, proponents of multi-channel technology had
overstated their benefits and minimized the risks. On the other side, multi-channel
proponents alleged that 3M exaggerated the performance of single-channel de
vices. It is, however, not clear who, if anyone, was exaggerating most. The claims
simply reflected the beliefs and evaluation routines that each coalition had adopted
and promoted. Rather than being persuaded by "objective" evaluations, which were
impossible and unavailable, controversy was more likely to lead researchers to be
come even more entrenched in their own frame and practice. Here, we observe that



124 Z. Zhu

the struggle to define safety and efficacy, and then measure it, illustrates how researchers
projected their own beliefs onto cochlear implants and attempted to influence each other,
including regulators. The evaluation routines adopted by researchers were congruent with
their beliefs about cochlear implants. These routines, in turn, further reinforced researchers'
beliefs [3].

The FDA eventually agreed with Nucleus, by not specifying the number of
patients required for a PMAA, based on the reason that overly emphasizing big
sample size would, in the face of uncertainty and ambiguity, put more patients
at risk. Instead, the FDA would leave the minimum sample size flexible so that
clinical investigators could tailor their studies to collect sufficient data to achieve
statistically valid results.

Initially, the FDA had felt comfortable granting approvals to single-channel
technology, since the simplicity of such a design facilitated their evaluation pro
cess and because single-channel devices possessed at that time the best potential to
demonstrate device safety. Accordingly, in the early 1980s, single-channel implants
dominated clinical practice. However, once single-channel devices had been able
to demonstrate safety of cochlear implants as a class of products, the FDA shifted
its focus to efficacy, emphasizing the ability to provide speech discrimination. In
1988, the NIH-FDA consensus development conference established funding and
regulatory guidelines that favored multi-channel technology. This was a double
blow to the single-channel coalitions, since the "consensus" practically institu
tionalized the multi-channel design as the dominant logic. Since then, the number
of multi-channel cochlear implants has steadily increased whilst single-channel
implants have continuously declined.

It should be noted that, despite failing to obtain a dominant position, House-3M
researchers "continued advocating the single-channel path" [3]. A battle might
have ended with temporarily prevailing knowledge constructed around the multi
channel cochlear implants. The war, however, appears far from over, as new com
parative evidence has emerged afterwards that is inconsistent with the belief that
single-channel devices are too simplistic to provide speech recognition. It is thus
too early to rule out a new round of de-settling of the dominant logic and prevail
ing knowledge about cochlear implants. Whether it will happen and how it will
develop are of course uncertain, depending, again, at least partly on the political
wills and skills of concerned actors.

9.7 Reforming the Alberta Healthcare System

In the mid 1990s, the provincial government in Alberta, Canada, announced its
new strategy for healthcare provision and introduced legislation to guide the imple
mentation process. Up to that time, similar to other healthcare systems throughout
the Western world, the provision of healthcare in Alberta was organized around
a medical professional model with physicians actively involved in planning and
governing hospitals and other healthcare facilities, and qualities of services were
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assessed through a strong reliance on medical opinion. Physicians were the only
gatekeepers to healthcare services and the primary source of healthcare knowledge,
at all levels. The logic of medical professionalism held institutional dominance,
and the Alberta healthcare domain was relatively stable until then, despite years of
calling for rationalization of services, implementation of new delivery strategies,
and reduction of overall public expenditures.

In 1993, a new provincial government was elected based on the promise of
efficiency. As part of its cost-cutting reform initiative announced in 1994, the
government replaced more than 200 hospital boards, public health boards, and
nursing home agencies with 17 regional health authorities (RHAs). These RHAs
were given authority over all health providers within their geographic region, ex
cept for physicians, who continued to be employed on a fee-for-service basis and
negotiated directly with the government. Structural changes occurred virtually
overnight, as hospitals and other healthcare providers lost their legal identity and
all their assets, and government-appointed board members took over the responsi
bility of managing healthcare resources for a designated geographic area. Around
this reform initiative, all the key stakeholders presented: consumers, providers,
agencies, and sponsors, with the key battles fought between the government (the
key agency) and the physicians (the key provider). The powers and relationships
among stakeholders changed dramatically via the government's political action:
RHA board members were appointed based primarily on their prior business ex
perience and support for health reforms, rather than their experience and exper
tise in healthcare. Indeed, physicians were not allowed to become RHA board
members.

From the government's point of view, the change was an exercise of decentral
ization, giving more responsibilities to local RHAs for increasing efficiency. From
the perspective of physicians and individual hospitals, however, the result was a
centralization of power in the hands of RHAs that would harm healthcare services.
The reform program thus can be seen as a powerful actor's attempt to move the
healthcare domain from the dominance of one, the "old", institutional logic of
medical professionalism, to another, the "new," institutional logic of business-like
healthcare. Now the government had successfully used its power to alter the basic
social structure in its favor by excluding physicians from controlling positions in
RHAs. In order to materialize the complementarities between the altered structure
and the guiding principle, intended practice, and belief system, a new dominance
must be settled between the two competing logics, and the healthcare economics
logic had to prevail if the reform was to succeed.

For this, the government began to articulate and publicize "consumer relation
ship" as the appropriate model for providing healthcare services, and stress the
importance of "market forces" in determining appropriate healthcare delivery and
quality. A new language was adopted and promoted which included the devel
opment of health policy through a "business planning model," organizing the
healthcare domain to "focus on efficiency and effectiveness," and developing new
strategies to ensure that services were delivered by the "lowest-cost provider." The
government increasingly relied on a popular rhetoric, replacing the word "medical
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patient"with"healthcareconsumer," indicatingits confidence upona moreknowl
edgeable and demandingpublic, making clear its commitmentand determination
to the intendedreform.

Gradually, with identifiable people appointed as RHA members to make de
cisions on behalf of communities in a "business-like" way, a change in other
key stakeholders' views emerged and became apparent: other than physicians,
key stakeholdersbegan to accept the altered structure and the associated logic of
business-like healthcareprovision. Instead of arguing against the basic principles
of market-oriented healthcarereform,thesestakeholdersconverged to discusshow
the inevitable changes would affect them, and how they would need to respond.
A powerfulcoalitionbetween agencies,consumers,and sponsors was thus taking
shape to endorse the dominance of the government's intended institutional logic.
A change in and of belief systemsand the reconstruction of knowledge about how
healthcareservice should be provided were under way.

There is no evidence,however, that one key stakeholder, the physicians,agreed
with the institutional logic of business-like healthcare based primarily on health
care economics and market force. Not only did physicians feel that their views
were ignored,but they also saw themselves as excluded from the major arenas of
decision making and governance, and saw their interests being threatenedby the
institutionalization of new criteria/routines for evaluatingthe transformedsystem.
Physicians wanted to maintain their role as leaders of healthcaregovernance, the
gatekeeperof healthcare services,and the authorityof healthcare knowledge. They
were pragmaticand prepared to accept the already-in-place RHA boards,but only
if they could gain a significantdegree of control over them. They organized and
entered into a multiphasepublic relationscampaignto re-establishtheir role in the
new system, and made their viewclear that the doctor-patient relationship should
remain central in the restructureddomain.Physiciansclaimed that only througha
reliance on medical professionalism, not the market mechanism,could the public
be assuredof high-qualityhealthcare.Theyattemptedto use their remainingpower
to maintain dominanceof the medical institutional logic, in spite of the domain's
new structure.

Witha successfulpublic relationscampaign,physicianswere able to showpub
lic support for their claims of a deteriorating healthcare system under the new
government. As a result,extra governmentfunding to reduce surgicalwaitinglists
was promised, and physicians were able to negotiate a satisfactoryfee schedule.
In the end, physiciansremaincommittedto a competinginstitutionallogic against
the governmentand want to showtheyalso hold the power to act.They settledinto
a position where they could maintain their own institutional logic, while working
within the transformed structure of the domain. With all other stakeholders (i.e,
consumers,agencies,sponsors)linedup intoa powerfulcoalition,thestructureand
the dominant institutional logic of the healthcaredomain changed, but the previ
ouslydominantlogicofmedicalprofessionalism is subduedratherthaneliminated.
Given the distribution of power between the two powerful stakeholders, i.e, the
governmentand the physicians,a sense of uneasy truce between their competing
logics may be the best characterization of stability for the Alberta healthcaredo-
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main, with the government's market-oriented change program being consolidated
and compatible healthcare knowledge claim constituted.

9.8 -Conclusions

In this chapter, we explored a socio-cognitive approach to healthcare knowledge
construction which focuses attention on social structure, institutional logic, and
political actions. We discussed some significant features of these critical factors
that shape the condition, process, and outcome of knowledge construction, and
introduced some useful concepts and methods. We did this by drawing from re
cent studies in technology development, social movement, and institutional en
trepreneurship. With this approach, we intend to move beyond a purely technol
ogy perspective toward healthcare knowledge management. We believe that the
proposed constructivist approach is interesting, appropriate, and useful to all those
concerned with healthcare services, be they consumers, providers, agencies, or
sponsors, particularly in an era when healthcare needs become fragmented, the
population becomes assertive, and reforms are in order. Knowledge management
is much more than, and essentially not about, structuring detached "knowledge"
and putting it into computers. It is not the exclusive domain of managers and
technicians either. It instead involves primarily changes in social structures, value
and belief systems, frames of reference, and working practices. Its efficacy and
value can only be realized at "moments of truth," i.e. the involvement of and inter
actions between concerned parties, in our words stakeholders, involvements, and
interactions that are essentially social, cognitive, and political in nature.

With the two case studies, we try to show the explanation and analytical power
of our approach toward a wide range of knowledge construction phenomena, tasks,
issues, and processes, from healthcare technology development to healthcare ser
vice reform. All this is what we wish the readers to think about and put into
healthcare knowledge management practice.
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Narratives in Healthcare

CHU KEONG LEE AND SCHUBERT Faa

Abstract

In this chapter, the narrative is defined and the elements of the narrative are eluci
dated. Three lenses through which one can view the role of narratives in healthcare
are discussed. First, organizational narratives help to foster social capital in the
organization and, therefore, contribute to the people aspect of the knowledge man
agement initiative in the organization. Second, the recuperative and relationship
building roles of illness narratives are described. Third, narratives from the prac
tice of narrative medicine are explored. The chapter concludes by proposing four
requirements for narratives to be effective, namely, effective listening skills, the
availability of time and place for storytelling, and the codification of narratives.

Keywords narrative; typology of narratives; storytelling

10.1 Introduction

Jean-Dominique Bauby was the editor-in-chief of the French Elle magazine. On
8 December 1995, he was struck with a massive stroke which damaged his brain
stem, leaving him with the "locked-in syndrome." He was paralyzed from head
to toe and could only communicate by blinking his left eye. With the help of a
speech therapist, who introduced him to an alphabet in which the letters were
ordered according to their frequencies in the French language, he dictated the
book The Diving-Bell and The Butterfly to Claude Mandibel at Room 119 in the
Naval Hospital at Berck-sur-Mer on the coast of the French Channel, where he was
warded. In his book, Bauby described his initial hopes that he would very quickly
recover his movement and speech. He filled his roving mind "with a thousand
projects: a novel, travel, a play, marketing a fruit cocktail of his own invention,"
projects which he would undertake once he had regained his ability to walk and
speak. Alas, as time progressed, he realized that this was not to be. He wrote
about the devastation and despair upon discovering that he was a quadriplegic and
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would have to be confined to the wheelchair for the rest of his life. He described
the vacillation of his emotions over the sudden dependence on others for even the
simplest of tasks, the amusement and pleasure one day of having someone bathe
him and wipe his bottom, only to feel unbearable gloom and sadness the next day
about the same thing. He painfully wrote about the sadness when he thought of
the little pleasures in which he participated before the stroke. Bauby's account
about his experience of the "locked-in syndrome" in his book is an example of a
narrative in the context of healthcare [1].

What exactly is a narrative? Several definitions that have been put forward are
listed below:

• A narrative is a spoken or written account of connected events [2].
• A narrative is a verse or prose accounting of an event or sequence of events, real

or invented [3].
• A narrative is a representation of past events in any medium: narratives can be

oral, written, filmed, or drawn [4].

A few elements ofnarratives can be gleaned from the definitions. A narrative: (1)
can be a spoken, written, filmed, or drawn account; (2) it can be in verse or prose;
(3) it can be used to represent real or fictional events. Greenhalgh and Hurwitz
[5] added four more features to this list: (1) narratives have a beginning, several
intervening events, and an ending; (2) narratives incorporate both the viewpoints of
the narrator and the listener; (3) narratives are concerned with individuals, how they
feel, and how others feel about them; (4) narratives are absorbing and memorable,
and they engage the listener and invite him to interpret the account, i.e, to "live
through" them. Narratives are such an essential part of human nature that Fisher
[6] has used the term homonarrans to label human beings. To need to narrate is
part of the universal human trait of needing to be understood, and needing to be in
communication even if only from the margins [7].

There are at least three lenses through which we can view narratives in the world
of healthcare. First, there are organizational stories. These are stories whose main
purpose is to create and strengthen social capital, and in doing so to contribute to
the success of the organization's knowledge management initiative [8]. Second,
there are illness .narratives. These are stories people tell about their subjective
experience of illness. Illness narratives have become a major literary genre. They
are a source ofknowledge about t.hedisruptive nature of illness and their therapeutic
potential has been recognized [9]. It must be clarified at this point that. "medical
sociologists dist.inguish between disease (the diagnostic entity) and illness (the
way that disease is perceived, enacted, responded t.o by a person, in relationships
with others)" [10]. Third, there are stories that are told by physicians that practice
medicine with narrative competence [11]. Many authors use the term "narrative"
interchangeably with the term "story". In this article, I, too, have adopted this
stance. Indeed, Frank [12] has noted that it is more natural to say "let me tell you
a story" rather than "let me tell you a narrative."
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10.2 Organizational Stories

Storiesbuildsocialcapitalbecausetheyare told withthreepossibleobjectives, i.e.
to reaffirm, to create, or to redirect the relationship within which the story is told.
In fact, the story itself, which is an act of telling, is the relationship. Stories are
told with (and not just to) listeners. The listeners in a storytelling session are not
incidental to the act of storytelling; they are a critical element of it, as the stories
that are told reaffirm what the participants of a storytelling session mean to each
other and how they relate to each other [12].

Cohenand Prusak[8]suggestedseveral waysin whichstoriesbuildand support
social capital in the organization: (1) stories convey the norms, values, attitudes,
and behaviors thatdefinesocialgroupsmorefully than anyother typesof commu
nication; (2) storiesare memorable andcontainlessonsthatcan be applieddirectly
toreal lifeas they"showbyexample"[8,p. 112];(3) storytelling sessionsaresocial
eventswhichhelp toconnectpeopleanddefinethemas membersof a socialgroup;
(4) stories recountpast eventsand bond people together; (5) storieshelp peopleto
frame their thinkingand allowthem to bring reality into an abstractdiscussion.

In addition, they suggesteda taxonomy of stories, stressing that the categories
they propose are not watertight and that anyone story can belong to one or more
categories. Organizational mythsare stories that definethe organizational culture.
These stories are fundamental to the organization in the sense that they encode
how the organization views itself and its relationship with the world,describe the
prioritiesof the organization, and explainhow things work and get accomplished
aroundthe organization. These storiescenteron the founders, or on criticalevents
that the organization has faced in the past. An exampleof an organizational myth
that centers on the founder is the one that David Packard,one of the co-founders
of the Hewlett-Packard Corporation, related in his book The HP Way [13]. In the
book, Packardrelated the story wherehe was walkingaroundthe shop floor with
the managerof that unit. Duringhis walk,he stoppedto watcha machinistmake a
plasticmolddie withgreatcare and reachedout to touchthe carefullypolisheddie
with his finger. The machinistexclaimed, "Get your fingeroff my die!", to which
hismanagerreplied,"Do youknowwhothis is?"Themachinistcountered,"I don't
care." Packard stressed that the machinist was not taken to task for this incident.
Instead, he was commended for being proud of his work. This story illustrates
the fundamental aspects of the organizational culture at Hewlett-Packard: (1) a
strongbelief that each person in the organization and thejob he does is important;
(2) individuals are to be treated with consideration and respect; (3) little details
make the difference between an averageand a great product.The stories Robert
Watson tells in his book about the management philosophy at the Salvation Army
repeatedly lay down the order of priority in the Army's unique way of meeting
human needs called "holistic ministry," i.e. soup, then soap, then salvation [14].

Hero storiesare stories that tell of successesand triumphsover great trials and
difficulties, usuallyowingto the courage,persistence, determination, andfortitude
of one individual. These stories also tell of heroic gambles. Hero stories seek to
inspirethe listener. The story of HelenKelleris such a story [15]. It tells of Helen,
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who was born with the sense of hearing and of sight, catching a fever at 19months
of age, and subsequently becoming an impossibly difficult deaf-blind child. It tells
also of her courage in the face of adversity that allowed her to overcome the odds
through perseverance and the help of a dedicated Irish-American teacher named
Anne Sullivan. Despite the odds stacked against her, Helen managed to accomplish
much in life, graduating from Radcliffe College cum laude, becoming a successful
writer, and an active fund raiser for the American Foundation for the Blind. The
stoical attitude that she adopted made her a heroic role model for many. She has
become a timeless icon and the single disabled person that Americans can name.

Many hero stories were told during the severe acute respiratory syndrome
(SARS) outbreak in 2003. One such story had to do with Carlo Urbani, a
46-year-old physician and infectious disease specialist working with the World
Health Organization. Dr Urbani was an Italian physician who, at 22, left his home
town of Maiolati Spontini to work in Africa. In 1999, he accepted the Nobel Peace
Prize on behalf of Medicins sans Frontieres, an international humanitarian group
dedicated to providing medical care to victims of political violence or natural
disasters. In 2003, he was called to the Vietnam-French hospital in Hanoi as an
epidemiological expert. It was in Hanoi that he alerted the world to SARS. With
out his early warnings of the importance of infection control safeguards and the
need for heightened global surveillance of SARS, the outbreak could have been
far worse. He started treating Vietnam's only index patient, a Chinese-American
businessman who brought the disease into Vietnam after having visited Shanghai
and Hong Kong, on February 28. By March 11 he realized he himself had been
infected with the disease. He succumbed to SARS in Bangkok on March 29. As a
memorial to Dr Urbani, colleagues from around the world have proposed naming
the SARS virus after him [16]. This is a story of a fallen hero. Owing to the nature
of healthcare, which has much to do with caring, curing, saving, helping, healing,
and relieving, it is naturally replete with hero stories.

Failure stories caution the listener against certain acts, as these offend the orga
nizational culture. They define the out-of-bound markers in the organization and,
therefore, contain the dos and don'ts that one must know to function effectively
in the organization. Failure stories are, therefore, a part of one's organizational
navigation knowledge. War stories are stories of disasters. These stories have a
connecting experience and they build social capital. These two story types were
frequently recounted during the Singapore National Kidney Foundation (NKF)
controversy when it was revealed that the NKF Chief Executive Officer (CEO)
earned in excess of half a million Singapore dollars a year and flew first class
when he traveled at NKF's expense. This flew in the face of the NKF's culture of
transparency, accountability, and prudence. The war stories that followed shortly
after were on the public outcry against NKF by canceling their monthly donations,
on the setting up of an online petition calling for the CEO's resignation, and on
the call for greater transparency by charitable organizations in general.

Stories of the future are stories that can unite organizational members towards
a goal for which they can strive. These stories are used by charismatic leaders to
draw people into a cooperative effort, gelling them into a community in the process.
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Such stories create a collaborative culture by drawing organizational members to
gether and showing them what they can achieve if they work together. Several
articles have been written predicting what the hospital of the future would be like.
Some trends that can be expected are increased pressure to contain cost, increased
integration and alliances among healthcare providers, increased use of informa
tion and telecommunication technologies, and increased adoption of breakthrough
technologies [17]. In explaining these trends to his colleagues, the CEO of a hos
pital that paints a picture of his hospital 10 years on and describes the steps he
plans to take to achieve that vision during a speech he makes in an annual staff
dinner, say, would be telling a story of the future.

10.3 Illness Narratives

Illness narratives refer to the reflective and insightful autobiographical accounts of
illness. They are not merely chronicles of events, but can also provide valuable in
sights into how patienthood, brought upon by the assault of illness, is experienced
as a disruption of selfbood. The very act of narration itself is an important way
of making sense of the illness, of restoring personhood and connectedness, and of
reclaiming the illness experience [9]. When life is hard, such as the demoralization
that one experiences when afflicted with an illness, stories can also provide the
narrators some distance from their illness. Stories have a recuperative role and
can be used to recuperate persons, relationships, and communities. Stories have a
relationship-building role, and listening to a story outside of a relationship is mean
ingless. Those who tell stories are most concerned about being heard, wondering if
they will find others who will answer their call for a relationship [12]. Illness nar
ratives celebrate the subjectivity and uniqueness of the illness experience, which
is often objectified and depersonalized by the healthcare system.

Illness narratives are typically organized in a chronological plot style, starting
with the time before the illness, the onset of illness, the crisis point, and the
resolution of the crisis. Therefore, the questioning technique used can follow a
lineal sequence: past-present-future [9].

General practices offer physician and patient the opportunity to exchange stories
for over half a lifetime. The narratives allow general practitioners to form special
relationships with three cohorts of patients, namely those of the same gender
and approximately the same age, those of approximately the same age as the
physician's parents, and those approximately the same age as the doctor's children.
Patients in the first group progress through life along with their physicians, and a
common cultural context holds them together. Patients in the second group face
the same problems with deteriorating health as the physician's own parents, and
their common struggle provides the context for the relationship. Patients in the
third group grow up along with the physician's own children, and their common
passage through the most exciting and complex transitions of their lives binds
physician and patient. The narratives shared over a prolonged time allow strong
bonds to be formed, engendering trust and effective care [18].



10. Narratives in Healthcare 135

Illness narratives have also appeared on the World Wide Web. McLellan {19]
wrote about the long series of postings on Gabe Catalfo's experience with acute
lymphocytic leukemia, written by his father, Phil Catalfo, on Whole Earth 'Lee
tronic Link (WELL), a conferencing system that started in 1985. This is a unique
work compared with traditional illness narratives like poems and short stories (e.g.
Bauby's TheDiving-Bell and TheButterfly), because whereas traditional narrative
forms are complete and finished, Phil's postings about his son's experience is an
ongoing and unfinished account of Gabe's experience. This account, which has
been written as a chronicle of daily events, has enabled healthcare professionals to
understand patients' and their families' experiences of illness better. Another ma
jor difference is its involvement of the readers. In electronic narratives, the readers
are not the same as the silent and unseen buyers of a book. The readers become
active participants in the telling by:

• being concerned in asking about how father and son are coping;
• acting as learners, seeking clarification on what has been posted;
• acting as a source of advice and information, e.g. the poster that told Catalfo

about a health information service available to the public;
• acting as a source of emotional support for the Catalfo family, sending messages

of encouragement, cheer, and congratulations when the treatment went well;
• acting as volunteer researchers.

In addition to the day-to-day treatment and coping issues, the illness narratives
posted provide insights into the meaning of the illness for the father as well as
for the family, and encompass the total experience of the illness, not just the
progression of the disease. Online illness narratives (OINs) have several unique
features. First, they are unfinished. In a sense they are always "work-in-progress."
Second, OINs are collaboratively constructed by the voices of many discussants
along the way. Third, they are interactive in nature and the readers are not silent;
rather, they become active participants in the telling of the story, and they exert
their influence on the story in different ways. Therefore, the authorship of an OIN
is unclear. Fourth, they are told in real time with a limited time perspective. Last,
there is a certain rawness and emotional power in the postings that allow the actual
experience to be told closer than through any other genre. Participants of OINs
benefit by gaining access to experts in many areas, and because the narrative is
multi-authored, they get to see many perspectives on any single issue; but the
downside is the lack of a formal mechanism for review of the postings [19].

10.4 Narratives from the Practice of Narrative Medicine

These narratives are a product of the practice of medicine enhanced with narrative
competence. An important idea is that people who are experiencing illness require
physicians that are not just medically competent, i.e, physicians that can understand
their disease and prescribe the appropriate medication and treatment, but also
(and perhaps more important) physicians that can accompany them through their
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illness,understand theirplight,andempathizewiththem.Narratives areseenas the
vehiclethat will allowfor authenticengagements. Charon[11] has identified four
centralnarrative situationsin whichphysicians playa part: physicianand patient,
physicianandself,physicianandcolleagues, andphysicianandsociety. Physician
patientnarratives are used to bridgephysicianand patient,allowing the physician
to join his patient in illness.Theyare told in words,gestures,and silences. Besides
being therapeutic in themselves, these narratives allow the physicianto enter into
the world of his patients. Groopman [20] stressed that this melding of minds is
important so that a clinical compass can be built. The physician needs to probe
not just the patient's body, but also his spirit, to consider not just the patient's
physical repair, but also his psychological and emotional repair. This requires
open dialogue; this requires the magic of the narrative. Clinical decisionscannot
bemadealgorithmically, aseachpersonexperiences his illnessdifferently, hasvery
differentrisk profiles, and is willingto give up differentthings to continue living.

Physician-self narratives are the reflections and self-examination of contempla
tivephysicians whentheyattemptto makesenseof theirownemotional responses
to patients.Reflection also allowsphysicians to understand the patient's story bet
ter and enables them to navigate the uncertainty and devastation of illness better.
Physician-society narratives allow physicians to have frank and honest conver
sations with society about the imperfections of the medical system, the limits of
medical knowledge, and the fragility of life. It can be said that Groopman [20]
achieves both these narrative types in his book, Second Opinions. In the book, he
reflects on the complexity of medical decision making. At the same time, he has
a conversation with society about reality in the world of medicine, a worldmany
wish to be perfect, but which is far from being so: a world where even the best
physicians sometimes give bad adviceand make seriousmistakes.
. Physician-eolleague narratives are knowledge-sharing episodes in which a

physicianparticipates withhis colleagues, whomay be otherphysicians or nurses,
socialworkers, etc.Thesenarratives buildsocialcapitalandcollegiality, andallow
physicians to celebratetheir roles in the healthcaresystem.In addition,knowledge
sharingprevents reinvention of thewheel,spreadsbestpractices, providesopportu
nities for peer learning, andprovidesa readysoundingboardto air new ideas[11].

10.5 The Critical Complements to Narratives

Narratives alone, no matter how well told, are insufficient. At least four other
requirements are necessary for narratives to be effective in. healthcare. Effective
listeningskills, the availability of timeandplace,and the codification of narratives
are all necessaryto ensure that the narratives are heard and preserved.

As it is important to hear out those who tell stories of their illness, and to
answer their call for a relationship, listeningskills are of paramountimportance.
Physicians must learn how to listen to their patients to convert the patient's story
intoa diagnosisanda treatmentplan,andnursesmust learntheart of historytaking
in a new way, in a way that privileges the patient's voiceand in a way that listens
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out for meaning rather than just facts. Nichols and Stevens [21] listed six bad
listening habits uncoveredby research at the Universityof Minnesota.They found
these habits to be almost universal, and used as a rationalization for not listening,
even when the listener knows and admits he should be listening. First, the habit of
faking attention. Listeners who fake attention deceive themselves and frequently
get caught. Second, the habit of "I-get-the-facts" listening. These listeners miss
the point of listening, which is rarely "to get the facts," but rather "to understand
the idea," "to grasp the meaning and significance,"or "to look with me rather than
at me." Third, the habit of avoiding difficult listening. Listening perforce takes
energy and requires mental exertion. In addition, listening to the experience of
illness is difficultand draining.

Fourth, the habit of prematurely dismissing a subject as uninteresting.Here, the
listenerequates "interesting" to "valuable."What is required is a change of attitude
to views of even the most ordinary person as one who has some ideas to offer and
from whomI want to take for myself those ideasof his. Fifth, the habit of criticizing
delivery and physical appearance. This habit causes the listener to focus on the
physical aspects (i.e, the clothes, accessories, or hairstyle worn by the speaker) or
the speech (i.e, the foreign accent or "twang"). Instead of listening intently to the
content, the listener gets distracted by mentally criticizing the physical appearance
or delivery of the content, adopting an attitude that "a person who talks like that
cannot have anything worth listening to." Last, the habit of yielding easily to
distractions that compete with the person talking refers to a lack of willingness
to proactively shut out the distractions that inevitably interrupt many narratives,
e.g. by closing the door, moving closer to the person talking, or mentally shutting
out the distractions when all other measures prove futile. These habits have a
serious consequence. They cause the listener, and in the case of healthcare, the
physician, to lose the opportunity to learn somethingfrom what is being said by the
patient.

The etymology of the traditional styIe of the Chinese character to listen (Ting1)
(Figure 10.1)clearly conveysthe essential elements of listening and depicts listen
ing as a complex and involvedtask. The radicals" If'' (Er3, meaning ear) and "::E"
(Wang2,meaning emperor) on the left, remind the listener to listen to the speaker
as if he were listening to the emperor.The importanceof giving full concentration
is depicted by the radicals" +"(Shi2, meaning ten or full) and" §" (Mu4,meaning
sight or eye). The elements of empathy and whole-heartedness are represented in
the radicals" -{/' (Yi1 Xin1,meaning with one heart). Some narratives,e.g. pain
narratives, are more difficult to understand and, therefore, will require more effort
on the part of the listener. They are especially difficult to understand because of
their lack of coherence and structure, and because they are typically poured out in
a haphazard way. In order to understand the narrative,physicians not only need to
listen to the exact words used and the order in which they were uttered, but also
match these with the body language involved.

The importance of time and place is evident. As Heath [18] so clearly puts it,
"Stories can only be told if people have time to talk and time to listen and to hear.
The richerthenarrative,themore timeisneeded."The timeelementof narrativewas
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FIGURE 10.1. Traditional Chinese
character for the verb "listen."

also highlighted by Bayliss [22]. He stressed that both physicians and patients need
time for narratives: the physician needs time to listen, and the patients to deliver. He
bemoaned the current situation where physicians are required to see more patients
in less time, stating that it is not in the best interest of either party to do this, as it
lessens the intellectual satisfaction of understanding narratives. A lack of time and
opportunity has been frequently cited as being a barrier to knowledge sharing [23],
which is most effectively achieved through "a convincing narrative delivered with
elegance and passion" [24]. A frequent intrusion to narrative episodes is that created
by technology. Telephones, facsimile machines, and portable digital assistants have
invaded the workplace, disrupting many narrative episodes with patients. It may
be useful (or even necessary) for healthcare organizations to consider providing
"Zen gardens," or places of peace. These are "islands of non-technology" where
people can concentrate, think, read, write, or have a conversation uninterrupted by
technology [25].

Nonaka and Konno [26] have stressed the importance of "ba" (which translates
approximately to "place" in English) as a shared space for human interaction (and
narration is a form of human interaction) where knowledge can be created and
shared. A "ba" can be physical, virtual, or even mental. In healthcare, an example
of "ba" is nursing presence, which is seen to play an important role in the process
of healing. Nursing presence has to do with "mutual openness with the other,
entering the world of the other to see the objective from his or her standpoint, and
coexisting for some moments in time and space", and is

an intersubjective encounter between a nurse and a patient in which the nurse encounters
the patient as a unique human being in a unique situation and chooses to spend her/himself
on the patient's behalf. The antecedents to presence are the nurse's decision to immerse
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FIGURE 10.2. Godkin's [28] model of healing presence.

him/herself in the patient's situation and the patient's willingness to let the nurse into that
lived experience [27].

One way in which the nurse can "enter the world of the patient" to "immerse
himself in the patient's situation" is through the use of narratives. The patient lets
the nurse enter his lived experience through the use of narratives. Narratives allow
nurses to establish a relationship with the patients and be sensitive to their needs, to
treat the patient as a person and not as a case amenable to technological solutions.

Godkin [28] worked on six features necessary for attaining nursing presence
identified by Doona et at. [29], and proposed a model of nursing presence com
prising three layers of six hierarchical levels (Figure 10.2). In Godkin's model, the
lower levels support the higher ones and, therefore, must be in existence before
the higher ones. It will be argued that narratives are a critical aspect of each of the
three layers. The first layer, bedside presence, requires physical presence, and in
essence conforms to Nonaka and Konno's "physical ba," At this layer, narratives
are used to establish rapport through interaction with the patient. In the second
layer, clinical presence, narratives are used to understand the patient's perspective
in order to go beyond the scientific data. The last layer, healing presence, uses
narratives to achieve attunement with each other. Here, the ability to relate closely
to another person, to empathize, will enable a person to know what will work and
when to act for a patient. Healing presence conforms closely with Nonaka and
Konno's "mental ba," i.e, a shared knowledge context [26].
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Finally, narratives need to be captured,as codification is the only way the expe
rience of illness can be made permanentfor all to learn. This is being done with
the Databaseof Individual Patient Experience(DIPEx; http://www.dipex.org/), a
sitelaunched in July 2001 by Ann McPherson and AndrewHerxheimerafter their
own experiences of illness (breast cancer and knee replacement surgery respec
tively). They decided to start this patient experience Website (hypertension and
prostatecancerwere the first two topics)after failingto findothers to talk to about
their illnesses. Currently, DIPEx is aimed at patients, their caregivers, family, and
friends, and also functions as a teaching resource for health professionals. The
Website contains interviews with everyday people about their own experiences of
serious illnesses,health problems,or health-related matters. Their aim is to cover
100main illnessesand conditions, as wellas areas suchas immunization, raredis
eases, skin conditions, infertility, and chronic illnesses. The limitation is that the
databasecurrentlyrepresents the experiences and viewsof people withinthe UK.
A Website with a similar charter, but on an international scale, is badly needed,
as the experienceof illness is likely to be,influenced by culture. Perhapsthe most
appropriate organization to championthiseffort is the World HealthOrganization.

10.6 Conclusions

Ina healthcareparadigmwherethereisan increasing call fora moreeffective useof
the organization'sknowledge assets to enhancepatientsafety, avoidwaste,reduce
wait,and increasequalitycare [30],andfor a morepatient-centered approach, nar
rativescan providea wayforward. In this chapter,three typesof narrative, namely
organizational myths, illness narratives, and narratives from narrative medicine,
have been identified. The role that these narratives play in healthcare has been
described. Lastly, four requirements before narratives can be truly effective in a
healthcareorganization have been identified.
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Abstract

Withtheadvancement of medicaltechnology and thus thecomplexity of theequip
ment under their care, clinical engineering departments (CEDs)must continue to
make use of computerized tools in the management of departmental activities.
Researchers at ISPJAE havedesigned, installedand implemented an Application
Service Provider model, at the laboratory level, to offer value added manage
ment tools in an online format to CEDs. This completed project to help meet
demandsacross multiplehealthcare organizations and providea means of access
for organizations, whichotherwisemight not be able to take advantage or readily
participatein the benefits of those tools has been well received. Ten(10) hospitals
have requested the serviceand five (5) of those are ready to proceed with the im
plementation of the ASP. With the proposedcentralized system architecture, the
modelhas shownpromisein reducingnetworkinfrastructure labor andequipment
costs, benchmarking of equipment performance indicators and the development
of avenues for proper and timely problem reporting. The following is a detailed
description of the designprocessthroughconception to the implementation of the
five (5) main softwaremodulesand supporting system architecture.

11.1 Introduction

Today, the useof softwaretoolsin clinicalengineering departments (CEDs)can be
consideredcommonplace [1,2].Their use is justified not only by the convenience
in performing andmanaging theday-to-day operations, I butalsoby theadvantages
withinharmonization activities and information exchangebetweeninstitutions.

The use of computerized systems in CEDs can generally be divided into two
main areas:

1 Easy storageand retrieval of amounts of information facilitate data-processing analysis,
reducing manual paperwork, etc.
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1. Remote diagnostics used by original equipment manufacturers (OEMs) and/or
third-party companies in order to monitor and increase service productivity.

2. Computerized systems to support the maintenance and technology management
tasks inside the clinical/hospital environment.

The remote diagnostic in the service field environment is usually part of the
overall call-managing process. It is based on the strategic use of information and
data acquisition methods to identify, isolate, analyze, and ultimately diagnose and
evaluate faults within units of equipment or within systems [3].

In turn, the evolution of information technology (IT) solutions in support of
both areas has branched into three main paths:

1. Computerized maintenance management system (CMMS).
2. Fully integrated field management systems (FSMS) software.
3. Application service providers (ASPs).

11.1.1 Computerized Maintenance Management System

A few years ago, and currently in many cases, CEDs have relied on CMMSs to
maintain information about preventive maintenance activity, equipment inventory,
parts, service contracts, and vendor service report, etc. These systems are basically
automated databases that enable an organization to track and monitor equipment
service requirements and history. The core of a generic CMMS consists of two
modules [4]:

• Equipment inventory records. Consisting of one record for each device. This
record contains information specific to that piece of equipment, such as model,
serial number, date of installation, facility, location, and information regarding
when it is scheduled for maintenance inspections.

• Equipment maintenance and repair records. Contains summary data on each
maintenance and repair task that was completed for a given work-order on the
equipment.

11.1.2 Fully Integrated Field Management Systems
Software

New demands for improved service productivity and efficiency in service quality
have forced the use of a new generation of software tools in CEDs. That demand
has manifested itself in the form of FSMSs. In contrast to CMMSs, FSMSs pro
vide intelligence for the management and coordination of daily service delivery
by providing expanded functionality over and above standard asset management
systems. An FSMS offers comprehensive and in-depth automation of data and
intelligence related to service tasks, activities, and process, resulting in improved
profitability, efficiency, and productivity.

It is estimated that expenditure on FSMSs represents a market of approximately
US$loo million. Research indicates that 35% of all purchases in the next year will



144 A.M. Cruz, D.E.Rodriguez,C.Barr and M.C. Sanchez

be among first-time users. However, the remaining65% will be for upgrading or
replacingthe existingFSMS [3].

11.1.3 Application Service Providers/or Clinical
Engineering

The use of the Internet has penetrated almost every aspect of our daily lives.
New applications havebeen developed utilizingthe Internetto communicate with
medicalequipmentmanagement information systems. Theseapplications mustbe
supportedby ASP technology.

A rigorous definition of the ASP concept is difficult to put forth because it is
still a term in its infancy. However, "there is a good amountof consensusthat ASP
means remotelyhosted applications management and onside hosting" [5].

There are two types of ASP that one can see in the marketplace. One is the
storage service provider (SSP) model, where everything is going to be stored
off-side and the customer will retrieve what is needed on demand. The other is
the finance model, where customers have centralized software and.storage, and
the applications and the storage would be downloaded and used from a central
organization as needed,and customersonly pay for what is used [5-7].

One area where the benefits arising from the use of ASP can readily be seen is
medical image storage, namelyin picture archiving and communications systems
(PACSs) [5].Given the amountof storagespacerequiredfor a single,well-defined
picture (i.e. high pixel density), foreseeable storage problems can certainly be
anticipated when dealing with potentially hundreds of thousands of them. The
most notable and pertinent of these benefits to many organizations in today's
political and economic climate is in saved costs.' With the use of an ASP, users
do not have to acquire the expensive hardware and IT infrastructure (terminal
servers, cabling, routers) capable of handling large data traffic. Added savings
are realized through eliminating the cost of labor required in maintaining that
infrastructure. Usersdo not haveto maintaina backupor a maintenance manager,
whichimproves efficiency of timeuserelatedtoadministration. Industryspecialists
predict a growth in ASP technology. It is estimated that expenditure represents a
marketof approximately US$500million.

Despite the advantages of ASP, the implementation of ASP in the clinical en
gineering branch has been poor. Before 2002, only a few companies (Genesis
Technology PartnersLLC, St Croix Systems, Inc., Bio-Tek,etc.) haveput CMMS
productsonline throughan intermediate group of steps [8].3 From 2002 to 2004,
a growth in the number of companies and products related to the ASP concept

2 The 5-year cost of an IT employee can reach US$500,OOO. Second, archiveand network
provisions for redundancy (as required by the Health Insurance Portability and Account
ability Act (HIPAA)) will cost as much as a primary archive: US$350,OOO to US$400,OOO
for a 1°terabytessystem.The policiesfor archivedisaster recovery (as requiredby HIPAA)
costs run between US$15,OOO and US$30,OOO a year for a 10terabytes system.
3 The use of an applicationserver from Citrix Systems: Citrix metaframe translates input
and output for Windows NT applications, allowing these small network applications to
interact with the clients using a standardWebbrowser.
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in clinical engineering has been noted. However, the existence of proposals and
implementation details of ASP technology in peer-reviewed journals has been
nonexistent [9].

Here, we propose an ASP model in order to meet the traditional needs of CEDs
involved in the technology management processes of an expanding healthcare
system. The insights contained herein are the result of the efforts undertaken at
ISPJAE to design, install and implement a working ASP system at the laboratory
level. The example provided here could be expanded to other hospital areas.

11.2 Stages in the Development of Application Service
Providers for Clinical Engineering

To begin planning for the proposed ASP model, four different stages should be
considered:

1. Defining strategic ASP management goals.
2. Identifying and setting operational needs.
3. The ASP design and development.
4. The ASP implementation and validation.

11.2.1 Defining Strategic Application Service Provider
Information Management Goals

In the international arena, the US, Canada, and the EU have a considerable impact
on technology management standards. As an integral part of the ongoing effort to
improve and sustain the quality of patient care within these respective healthcare
systems, there exist various standards and accreditation groups dedicated to as
sociated subjects." All three jurisdictions have governmental organizations which
stipulate that some form of licensure be obtained for any medical device being
manufactured, or imported and distributed, based on the level of risk to the oper
ator or patient. This certification is in the form of a medical device license for the
product and an establishment license for the producing or distributing organization.
In the US, the Food and Drug Administration (FDA) is the issuer. In Canada, the
Therapeutic Product Directorate (TPD) branch of Health Canada deals with licen
sure. Within the EU, each member state has an appointed "competent authority"
that acts as a regulator, which in turn ensures a product's compliance with either
the Medical Device Directive or the In Vitro Diagnostic Medical Device Directive
[10]. All of them have provisions concerning the practice of a manufacture's mon
itoring of the performance of their products in the field, and for the reporting of
problems and adverse incidents involving those products by the end-user facilities
and manufacturers.

In the US, the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) is the most comprehensive and widely accepted authority concerning

4 ANSIIAAMI, NFPA, UL, OSHA.
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quality assurance in a clinical setting. The pertinent medical device portions are
stated in the Environment of Care sectionof the JCAHOmanualfor hospitals.

Analogous to the mandate of the JCAHO is that of the Canadian Council on
Health ServicesAccreditation (CCHSA), which is Canada's national third-party
assessment body for healthcarefacilities. The CCHSAaids these facilities in self
assessment, quality improvement, and management activities, andthen provides
surveillance withrecommendations for thefuture. Focusingontheend-userlevelof
the medicaldevicelifecycle,theCCHSAhas laidout a set of criteria.Again,these
criteria are found in the Environment section of their standard, which promotes
the utilization of appropriateequipmentmaintenance, tracking, andeducationpro
grams.

On the otherhand, the MemberStatesof theEU haveagreedthat their standard
ization and certification activities are to be handled by the CEN (European Stan
dardization Organization) and ISO. The EuropeanCooperation for Accreditation
(EA)alsohasthemandateofassessingandaccreditingthecompanies, laboratories,
and agencies that provide third-party audits concerning accreditation and certifi
cation for companiesagainst the appropriate standards. The EA is involved in the
healthcare sector, and through consultation with different national groups in the
Member States' healthcare systems. A number of other groups are involved in
varying capacities.

Havingbriefly toucheduponthe makeupof the regulatory environment of these
three influential nationals, the common theme of constant quality improvement
and adequate processes for the safe use and tracking of equipment, and proper
maintenance and problem reportingcan be seen. For our purpose of formulating
the strategic goals of an implemented ASP system, reference is made to the above
mentionedEnvironment of Care sectionof the Accreditation Manualfor Hospitals
[11].The contents are seen as a reasonable representation of good practice in the
clinical setting.The appropriate criteria state that:

• EC.I.6 (2.6): the hospital develops and implements a medical equipmentman
agementplan;

• EC 2.10.3:the medicalequipmentis maintained, testedand inspectedas follows:
a current, accurate and separate inventory of all equipment identified in the

equipmentplan regardless of ownership;
performance and safety testing of all equipment identified in the management

plan prior to initial use;
maintenance of all equipment on the ·inventory consistent with maintenance

strategiesto minimizephysicaland clinical risks.

Combining these fundamental elements in the- JCAHO manual with the regu
latory information above, it was determined that hospitals need to identify and
implementprocessesfor:

1. Selectingand acquiringequipment.
2. Establishing of medicaldevice nomenclature.
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3. Establishing risks criteria for identifying, evaluating, and taking an inventory
of equipment to be included in the program before the equipment is used.

4. Monitoring and acting on equipment hazard notices and recalls.
5. Monitoring and reporting incidents in which a medical device is connected to

the death, serious injury, or illness of any individual as required.
6. Reporting and investigating equipment management problems, failures, and

use errors.
7. Establishing maintenance strategies for all equipment in the inventory.
8. Establishing intervals for inspecting, testing, and maintaining appropriate

equipment in the inventory.
9. Reporting annually and evaluation of the equipment management plan's ob

jectives, scope, performance, and effectiveness.
10. Developing an equipment orientation and education program for (a) staff re

sponsible for equipment maintenance and (b) operators of said equipment.

These processes form the principle basis for the formulation of the ASP infor
mation management goals. Using them in conjunction with a model for technology
management in healthcare institutions based on system theory from a previous pub
lication [12], one can envision the potential benefits from the centralized nature of
the ASP model, and thus those benefits form the following specific goals:

• Standardizing and harmonizing of information processes across independent
hospital, multiple counties, and/or healthcare ministries.

• Compliance with the stringency of the appropriate standards and regulations.
• Improving ability of hospital administrators, technicians, and users to meet in

creasingly rigorous accreditation requirements related to medical equipment.
• Improving senior manager efficiency by giving them access to standardized

performance statistics, previous implementations, etc., thus decreasing imple
mentation time and costs.

• Performance comparison between institutions (benchmarking).
• Increasing the technician satisfaction by providing them the information needed

to perform daily tasks accurately, effectively, and efficiently.

11.2.2 Identifying and Setting Operational Needs

A "translation" of each strategic goal into a description of one or several opera
tional needs was performed at the outset of this stage of development. Here, the
intent is to outline those interpretations that are specific and fundamental to the
successful offering of the management system in an online format, and not to go
over operational needs of current CED maintenance management tools.

Given the various levels of connectivity of potential users, clients should have
the ASP accessible through the Web in three different ways (see Figure 11.1):

1. For large hospitals: connected to a direct leased line through their hospital
information system (HIS). This option requires a copy of the database located
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FIGURE 11.1. Data access possibilities for users of ASP.

on the HIS server and a replication procedure two or three times per day to keep
the ASP database at the command center updated.

2. For large hospitals, governmental organizations, regulatory bodies, universities,
and independent users who wish to connect, the second option is to connect via
the Internet using dial-up or through a local-area network directly to the ASP
database command center on a continual basis .

3. For smaller hospitals without a network and a limited number of resources,
the third option is a dial-up access when needed. This requires a dedicated
workstation in the CED. In this way, a manager has access to subsets of a
hospital's inventory resident in an ASP database at the command center.

Since some of the above alternatives will indeed make use of dial-up con
nections , the entire application and data structure will have to be optimized for
low-bandwidth access .

Increasing the individual and organizational performance and ability to provide
ever-improving patient care is at the heart of the defined management goals. So,
an ASP command center is important with regard to client support and access
to data. The center will house all of the physical and personnel components that
will make possible the offering of technical support for clients, while helping to
provide data security (archiving and retrieval) and convenience of maintenance of
system architecture and software modules by administrators and technicians.

As discussed previously, harmonization of information is of some import , and
so a central coding system and nomenclature for medical devices resident in the
ASP database is to be visible to all clients. Additionally, preventive maintenance
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procedures and checklists by equipment type and models, as well as the typical
task time consumption, are also to be readily accessible.

The system should support the capital acquisition,asset management,and regu
latorycomplianceactivitiesthateveryCEDmustdealwith,irrespectiveof theirsize
or budget.Capital acquisitionand regulatorycomplianceprocesses will make use
of relateddata acquiredfrom the progressionof the assetmanagementprocess,and
all will benefitfrom the inclusionof a statisticaland data trend analysescapability
(with graphical reporting). This will have the added value of allowing accessible
benchmarkingbetweeninstitutions.Additionally, hazardmonitoringandreporting
functions would support regulatorycompliance and have a smaller, yet still perti
nent, role in the other two processesmentionedand shouldbe a part of the system.

As for the standardmaintenancefunctionsthat everycurrent CMMS (inventory,
maintenance scheduling, work-order status monitoring and updating, etc.) must
have, they will find their place in the newly designed system. Again, they, too,
must be optimized for low-bandwidth, and thus redesigned and implemented.

11.2.3 The Application Service Provider Design
and Development

With the logicalprogressionfrom healthcarefacilityrequirementsto detailedASP
managementgoalsandsubsequentoperationalneeds,muchthoughthas beengiven
to thedesiredsoftwareattributes.The following subsectionsarededicatedto stating
the features included in the model, along with some added reasoning and remarks
regarding specificfunctionality. At this point, the focus switches from pre-design
lead up to post-designprogrammingand implementation.

11.2.3.1 Application Service Provider Features

Owing to the online nature of the solution, and given connectivity issues in cer
tain regions as discussed previously, the application has not only been optimized
for low-bandwidth dial-up connections, but to utilize a true Web-based interface.
The data structure has also been designed to be somewhat flexible to make al
lowances for issues with hospital regions and equipment to allow for customized
managementof theequipmentand assets.This includesthe incorporationof multi
currency, language, and calendar capabilities.

As with the FSMS, the ASP model allowsfor the upload of scheduled task data
from test equipment (i.e, electrical safety analyzers) through the Web interface to
help make full use of available information.

The last features have more to do with the manner in which the system archi
tecture is set and how clients access the information. A single enterprise database
model is the mostappropriateselectiongiventhedata accessand inheritancegoals.
Inheritancein data entry is of significantimportancein the systemdesign, and sim
ply means that users and administrators enter data just one time, in one form to
reduce inconsistency and redundancy. And of course, given the natureof the infor
mation contained in the database, the application provides a means for assigning
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FIGURE 11.2. Three-tier architecture.

differentaccessprivileges for multiplelevelsof users (grantingroles).These users
access theactualapplicationthroughconnectingto a singleor multiple-application
servers.

11.2.3.2 Platform Architecture

The physicalmanifestation of the system takes its form in the so-called"three-tier
architecture" shown in Figure 11 .2, and was foreshadowed above. Intuitively, the
singular enterprise database is managed by the database server(s) and makes up
Tier 1. Managementof the actual applicationfalls to the applicationserver(s)and
accounts for Tier 2. All authorized users connect to the application through the
true Web-based interface, and all of these connectionsare consideredTier 3.

Following this schema,Tier 2 requests the connection from Tier I, making the
entire process "transparent" to the user. Separating the application storage and
processing medium from that of the database improves processor utilization and
speedsupaccessto information. Managementof bothis madelesscomplicated,the
backupand recoveryprocessesare simpler,and there is a markedreductionin cost
of the system implementation. This choice also supports the goal of optimization
of the system for low-bandwidth data access.

11.2.3.3 System Description Functions

ThisASP modelwasdesignedwitha modularphilosophyand wasbasedin system
theory. Modulesare independent, butdo interactwitheach other. Here, theentirety
of the model has been brokendown into the five composite modules.

11.2.3.3.1 The Inventory Module

This module is the core of the entire ASP model. It is comprisedof medicalequip
ment recordings and archiving proceduresand holds essentialdata for supporting
the functions of the remaining modules. The inventory module was designed to
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make use of the Universal Medical Device Nomenclature System (UMDNS)de
velopedby theEmergency CareResearchInstitute(ECRI)[13].Figure 11.3shows
a graphical representation of the data structureof the module.

On the top levelof thestructureis the equipment group, whichis understood as a
group of device typeswith the same ECRI maintenance and inspection safety pro
cedure.Foreverydevicegroupa uniquecode,denomination accordingtoUMDNS,
inspection and preventive maintenance (IPM) procedure, technical specialty, and
an ECRI risk level are recorded; thus, for every device type the same data are
recorded. However, the userdoes not have to enter the IPM because the inventory
module has what is termed "inheritance in data entry." When a user has entered
data for a device type, furtherentries for a device of the same type will inherit the
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above information from the system. This feature has two important implications:
it reduces administration time(s) dramatically, and helps to "reuse data" for new
users of the ASP.

The next leveldown on the structural ladder is devotedto models. These models
are equipment types (models inherit all data from its group-equipment type) man
ufacturedby an OEM, with a trademark,sold from a specificprovider/vendor, with
specificinformationconcerningenvironmental conditions (temperature,humidity,
power supply, etc.), maintenance data, and parameters used in setting the prior
ity of the maintenance scheduling. An added feature concerning IPM procedures
is the ability to modify equipment type-specific procedure data inherited into a
model-specific procedure.

Lastly, the bottom wrung is occupied by the individualpieceof medical equip
ment. Attributes of this level will include a unique control number, a location in
a specific hospital area, and a status for some specific period of time for each
inventoried item. This level inherits all of its composite data from its model
group-equipment-type category; however, the user can customize data related to
its maintenance and priority level.

Priority levels for every piece of medical equipment are established by way of
numerical parametersassociated with its category [14]. That "score" is used in an
indicator called the preventive maintenance index (PMI), which serves as a non
preemptive service priority order (NPpSO)5 in a queued work-order discipline
[15].

11.2.3.3.2 Inspection and Preventive Maintenance Management

SMACOR40i (Figure 11.4) is a modulefor theoverallmaintenanceand inspection
management of medical equipment and was designed with its foundation set in
systemtheory [12]. Overall, the activitiesinvolvedtraditionallyin the maintenance
and inspection of equipment were considered to be processes, and conveniently
broken into:

• IPM scheduler
• work-order manager.

The principle function of the [PM scheduler process is to timetable all IPM
tasks for every medical device included in the equipment inventory. SMACOR
40i performs this task for both equipment under contractual service arrangements
and those under the resident CED responsibility. Key parameters utilized by this
process of the module consist of:

• The total time per week for every technician.
• Percentagesof clinical engineeringdepartment time spent carrying out common

tasks for every technician."

5 AnNPPSO is whena customer of lowerpriority (workorder)is actually beingservedand
completes his/herservicebeforea customer of higherpriority entersthe system.
6 We considered four components of the total time, where em, J.1, ta, and oth are the
percentages of the total time spent in corrective maintenance, inspections and preventive
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Inventory module

r-- ---------------
I

---- ------------------,
Inspection and Preventive maintenance module

Preventive Maintenance index
NPPSO queue discipline

FIGURE 11.4. The IPM processes in SMACOR 40i.

• Level of training and job titles of every technician assigned to perform their
respective IPM tasks.

• Priority level (Px) and PMI.
• Task types, specified in the IPM procedure.
• Standard time by task type per model.
• Supplies needed to perform the IPM procedures.
• IPM cycle and frequency, taking into account the failure rate calculation.

After running the scheduler, one can expect an IPM task scheduling for all pieces
of equipment, a workload report for all technicians in a user-specified time period,
and a detailing of the supplies needed to perform the IPM tasks.

Primary functions of the work-order managerprocess are to manage documents
for both scheduled and nonscheduled maintenance tasks and to keep track of work
orders until completion. Typically, requestor name and department, and work
order open, start, and finishing, with the chronology of each, are managed. This
process also keeps track of the personnel assigned to accomplish and/or supervise
the maintenance tasks. Figures 11 .5 and 11.6 show some examples of the main
work-order manager forms.

An included design feature of this sub-module is a dispatcher, which uses a
queuing model with the above-mentioned NPPSO discipline, and a standardized

maintenance, training, and other tasks (contract service management. capital acquisition.
etc.) respectively.
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FIGURE 11.5. Work-order dispatcher.

algorithm for both scheduled and nonscheduled work-ordergeneration and count
[14].Inclinical engineering,no work-order manager thatapplies a dispatcher with
thesefeatures hasbeenproposed so far, butthishasproven tobea valuable addition
to the system.

FIGURE 11.6, Form for updating the workorders.
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11.2.3.3.3 Contract Service Providers/vendors Management

Managing and tracking the quality and costs associated with the receipt of service
from vendors and contract service providers falls to this sub-module. Basically, this
management module aids in the coordination and control of nonbillable warranty
work, service performed under a prepaid service contract, and billable services
performed under a prepaid service contract but outside of the prepaid terms. The
module is supported by means of three subprocesses included in the technology
management model presented in Cruz et al. [12]:

• Selection of the service contract provider/vendor.
• Negotiation: to establish the contract clauses, including contract monitoring

variables and the final contract agreement.
• Service contract performance evaluation.

Owing to the "pilot project" nature of the present work, only two processes were
actually implemented: (1) selection and (2) performance evaluation ofthe service
contract provider/vendor. Evaluations are executed by analyzing the historical
performance ofa provider/vendor and determining to what degree the provider may
have defaulted upon past service agreements. Variables were therefore established
[12] to monitor a service provider so that a contract might be terminated and the
provider/vendor changed in the event that a service was deemed "not competitive".

11.2.3.3.4 Capital Acquisition Management

An important feature of the ASP system is capital acquisition management. This
is handled by a sub-module of the same name. Intuitively, the application covers
the tasks and activities associated with the acquisition of new medical equipment.
In the initial design, five subprocesses, included in the aforementioned technology
management model, would support the module [12]:

• Needs assessment. Reviews all the equipment removal proposals, calls for
submissions, processing requests, establishment of selection criteria, commit
tee review, and updating the list to select the best choice service contract
provider/vendor.

• Selection andconformance review. Selects the best equipment/model and vendor
choice with five steps as follows:
consider regional links;
relate submissions to existing standards;
set new standards with minimum requirements;
final selection;
evaluation.

• Fundsapproval negotiation. Establishes the contract clauses, including contract
monitoring variables and the final contract agreement.

• Acquisition and installation. Completes the steps for the acquisition and the
installation as established in the above negotiation process.
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Forthepurposesof thecurrentwork,onlytheNeedsassessmentandtheSelection
andconformance review processeshavebeenutilized. Thefifth stepof theselection
and conformance reviewis programmed to make use of a quantitative method. It
allowsusersthatareenteringcriteriatoallocateweightsforeachandassignsscores
for the performance of each alternative [12]. Differentstakeholders can make use
of the process, and it is this feature that has improved on the limitations reported
by the authors in the use of other computerized tools [15]. This processhas also
provencapable of performing life-cycle cost versuspresent net valueanalyses.

11.2.4 The Application Service Provider's Installation
and Modules Implementation

Installingand,consequently, implementing theASPmodelwithall the featuresde
scribedhasconstituteda largeand involved commitment. Tocompletethe installa
tionphaseof theproject,supportstaff(databaseandmoduleadministrators) needed
to be selected and trained. Owing to the complexity of the selected technology,"
the services of two IT specialistswere retained, i.e, one administrator for each of
the first two tiers.

Soon after the establishment of the separate servers was complete, the formal
definitions of practical ASP user groups could be specified. Although the combi
nation and modalities of user types could be infinite, the ASP is designedto offer
six predetermined user types:

1. Inventory and maintenance management module administrator. This type of
user has a maximum level of privileges in that module (full control). The typi
cal tasks of the moduleadministrator are updatingand deleting insertingoper
ations in the inventory module. Shelhecan trigger the scheduling algorithm for
IPM and the work-order generation for both scheduledand unscheduled tasks.
Also, updating, inserting, and queryingoperations againstall workorders,and
queryingoperationsagainst the entire modulefor preparing customreportsfall
within the access of this administrator.

2. Contract service providers/vendors and/or capital acquisition management
module administrator. This type of user has a maximum level of privileges
in their respective module (full control). The typical tasks of the module ad
ministrator are open: adding a member, setting the weight of each category
(previous opinionof each memberof the group),closing the selectionprocess,
and performing the recruitment of experts to carry out evaluation processes.
Queryingoperationsagainst the entire module for preparingcustom reports is
also available to this level.

3. Clinical engineers or staff engineers. This category of user has middle-level
privileges in all modules. For example, in the inventory module they can only
perform querying operations. In the maintenance management module they
can perform work-orders updating, but only for their own assignments. Also,

7 ORACLE technology.
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querying operations against the entire module for preparing custom reports,
and in the contract service providers/vendors management activities they can
be part of an evaluation/selection group.

4. Nurses and medical staff. These users have a middle-low level of privi
leges in all modules . For example, in the inventory module they can only
perform querying operations. In the maintenance management module they
may request maintenance services and perform querying operations against
the entire module for the preparation of custom reports. For contract service
providers/vendors management they can also be part of an evaluation/selection
group .

5. Institution directors (i.e. managers, etc.). Typically, these users have low-level
privileges in all modules. For all composite modules they can execute querying
operations, and in the contract service providers/vendors management module
they can be part of an evaluation/selection group .

6. Guests. Finally, this user type has minimum-level privileges across all modules.
They can only perform querying operations against the entire ASP.

For the actual implementation of the ASP modules , a number of key tasks
were to be completed. First, the definition and selection of an implementation
workgroup. Usable general common codes , facility names and identification, ac
count numbers, work-order code types, and equipment code types for all users
in the ASP had to be specified . Also, the training of an ASP's user groups and
the implementation of the respective modules (inventory, maintenance, contract
service providers/vendors, and capital acquisition management) given the specific
facility or institution required must be concluded. The implementation and use
of the last two modules are dependent on whether a request of contract service
evaluation/selection or capital acquisition process has been made or is deemed
necessary.

Standardization of data entry (Figure 11.7) is key for data reuse for new ASP
users . To accomplish this, a unique administrator for every client-institution mak
ing use of the ASP enters data into the inventory module.

FIGURE 11.7. The most important chal
lenge: a standardized data entry.
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Typical perce ntage of distribution implementation time spent on each activity

10%

35%

15%
o Administrators Training
o Server and Software Installation
o Codes development
Ilil Equipment Inventory
mInventory data entry
mUser Training

FIGURE 11.8. Typical percentage of distribution time spent on each implementation
activity.

A noncentralized inventory data entry schema was tested. Every service de
partment (i.e. cardiology, imaging, etc.) performed their inventory data entry in
dependently; however, less than desirable results were obtained. In spite of the
development and utilization of the unique code system, many variations in data
entries were observed, and a subsequent move was made to a more centralized
format.

Figure 11.8 shows the typical percentage distribution of time spent on each
activity. Notice how the equipment inventory, data entry, and training users take
more than 50% of the entire time. Administrator training takes a mere 15%at the
beginning of the implementation phase. This traininghas thepotentialto bespread
out over that period, and subsequent to the implementation phase.

The ASP is nowbeing installed at the laboratory level at the ISPJAE University
of Havana, Cuba.Tenhospitals haverequestedtheserviceof theASP, fiveof which
haveproceededwith the implementation phase.

11.3 Conclusions

1. Further work to develop a "noncentralized" data entry schema that will suffi
cientlydiminishdeviations fromthestandardis warranted. Thiswouldeliminate
workredundancy related to the function of the client-institution ASP adminis
trator.

2. ThepilotASPprovides anexpandedarrayofbasicandvalue-added servicesand
improved functionality in an onlineformatand is optimizedfor lowbandwidth.
It improves communication abilitiesbetweenworkinggroups. It has the added
potential of contributing to improved patient care through improved manage
ment of inventory, maintenance, equipmentcapital acquisition, and selection
evaluation of service providers.

3. The ASP facilitates information exchange between CEDs, ali it promotes the
adoptionof commonly acceptedbenchmarking indicators.

4. This solution can be expandedto other hospitalareas.
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Secured Electronic Patient Records
Content Exploitation

JOHN PUENTES, OOUENOU COATRIEUX AND LAURENT LECORNU

Abstract

The increasing need for medical information applications to handle varied multi
media data through interoperable systems is continually hindered by incompatible
limited platforms, with low or non-existent security. Using the workflow of an
imaging service, this chapter describes the structure and protection strategy of a
secured specialized electronic patient record which allows exchanging of multi
media medical data in a secured manner. An open multimedia standard adapted
to patient record requirements has been applied, combined with security tools.
Prospective application scenarios are identified, and the main issues of the approach
are discussed.

12.1 Introduction

Understanding how to use patient health data has been permanently evolving during
the last 40 years, from detailed healthcare costs on a hospital bill, to the current
promise of patient-centered systems. Such an evolution has resulted from both
technological progress and mentality changes. Nevertheless, actual applications
are mostly proprietary implementations, capable of satisfying medical organiza
tions requirements only in part. Moreover, patient health data systems' escalating
complexity offers an action field for multiple competitive solutions that, despite
their potential, have not yet been successful in solving the existing issues. Among
the multiple questions that we still find remain unanswered are those concern
ing appropriate design and implementation methodologies, workflow analysis,
usability models, how to adapt the electronic patient record (EPR) to uneven ge
ographical distribution of medical experts and population aging, and integration
of multimedia data, security, and health data exploitation for other uses than pa
tient follow up. This paper focuses on the interdependencies of the latter three,
namely how to make use of multimedia data, in a secured manner, for content
exploitation.

160
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The question about whether or not it is necessary to include multimedia data in
the EPR is debatable. Legal and medical reasons require the archiving of diagnostic
data like medical images and signals, as well as laboratory results and medical
prescriptions. However, once the diagnosis has been completed, the physician
rarely examines the complete multimedia data set again, except for the consultation
reports and the patient history. Alternatively, when patient care implies distant
interaction of two or more healthcare actors, collaborative work depends on the
availability of multimedia data that are shared in a distributed infrastructure, and
later stored for control purposes.

Beyond daily data manipulation for clinical consultation, there is an interest in
obtaining other kinds of information processing specific to EPR data in a particular
expertise field, e.g. making medical practice and diagnostic support or specialized
training possible. Such supplementary utilization of the EPR involves an adapted
data organization and the means to protect it. The rest of the chapter is organized
as follows. Section 12.2 positions our patient record approach, associated with
its functionality and structure. Section 12.3 presents how to protect the proposed
patient record content. Section 12.4 identifies some of the applications to alterna
tively exploit patient data. Issues and perspectives concerning the interaction of
the three topics studied are discussed in Section 12.5.

12.2 Multimedia Electronic Patient Record

At the simplest abstract level, the patient record can be considered as a condensed
healthcare individual memory, or as part of a collective memory, from which knowl
edge is obtained. The first concept has been historically carried out using paper
records for medical personnel data and information manipulation, and the second
has been largely exploited to orient decision making, by means of economic, de
mographic, and sanitary statistical analysis. The integration of computers in care
delivery has enhanced these functionalities, and introduced new issues. Despite
the identification and study of paper patient record drawbacks (mainly elevated
handling and maintenance costs, data and information redundancy, difficulty read
ing most of the handwriting, data imprecision and missing data), the adoption of
the EPR is not as generalized as expected [1]. Owing to modernization of medical
information systems (MISs), a high percentage of patient data and information
will be handled by computers, even though balancing all the elements involved in
the system design is a very complex task.

12.2.1 Why a Specialized Electronic Patient Record?
Numerous studies have been conducted to define and validate an EPR adapted
to medical practice. Recent efforts [2-6] underline the EPR specificity accord
ing to the medical speciality, and the need to use semi-structured data. However,
significant changes are still necessary to facilitate the adoption of an EPR [7-9].
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Currently, component-oriented [to] and document-oriented (www.centczfi l .org)
MIS architectures are promising predominant trends. They both appeal to the idea
of a system capable of handling autonomous content objects. As a subset of the
EPR, specialized EPR (SEPR) integration to an adapted architecture can be consid
ered as an autonomous content object, capable, up to a certain point, of assuring in
teroperability across heterogeneous platforms, meeting security requirements, and
tailored to facilitate content exploitation. Accordingly, some issues, particularly
those related to data sharing and complementary utilization, could be undertaken
in a modular and simple manner, underlining the importance of workflow analysis
in guiding the technical decisions.

12.2.2 Workflow Analysis

Multiple alternatives have been proposed to organize data within an EPR, mostly
influenced by early studies that proposed organizing medical data either chrono
logically or in a problem-oriented manner, or by combining these two approaches.
They have been essentially physician centered and restricted to support medical
staff memory, like the original paper records . Considering the previously men
tioned issues, this implies revisiting user requirements, particularly through a
realistic and iterative field workflow analysis, which is so frequently missing.
Figure 12.1 depicts the simplified workflow diagram of our application scenario:

B. Oriqmal images
and their

Interpretation
results

Image Interpre l.do
recorded by dlo

""edanot and typed
by the .ecre1ary

5. Digital 20
bone
sc intigraphy
image s

imaqes

Sdlldgraphy

10. Paper copy of the
imttge correlation results

~--PETand images copyf---- .- - ..._ ··
morphology :.

mOlI.lIly i AlchlVe
registra tion

Imago
acquisi tion

Positron
Enlls!lon

1
Tomography

5 Dig,tal
20 and
3D PET

- - --

4. Waibng room

1. Examinati on
request

7. Paper copy of the irnaqe mteroretaton results

FIGURE 12.1. Simplified workflow of a nuclear medicine service, from the examination
request to results archiving.
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a nuclear medicine service examination. It identifies activities sequencing and
the data concerned. This analysis suggests that the SEPR should be implemented
specifically to deal with data exchanged in phases 6, 7, 9 and 10, integrating some
of the patient data provided in the examination request form (step 2). Such analysis
enables one to design an SEPR, appropriately inserted in the daily practice and re
sulting from a validated consensus about its functionality. Close work with service
physicians and other medical staff at this stage is mandatory, to avoid improper
tool design as a consequence of a predominant technological view, disconnected
from the actual medical service activity.

12.2.3 The Specialized Electronic Patient Record
Structure

The proposed SEPR uses JPEG 2000 [11], an open image-coding standard, rather
unknown in the medical domain, which addresses a wide range of image compres
sion applications [12]. It was developed to deal with areas where existing standards
fail to produce optimal quality, and offers improved capabilities to domains that
normally do not use image compression. Based on a one-dimensional discrete
wavelet transform, it compresses single-component (i.e,grayscale) and multicom
ponent (e.g. color) images. In addition to the basic compression functionality,
our work makes use of the standard's JP2 file format, which integrates extensible
markup language (XML)-formatted metadata and the coded image, encapsulated
in one file. XML metadata can be easily extracted without decoding the image,
and is more flexible than predefined content fields. We have adapted this feature
to structure and integrate the SEPR to a related set of multicomponent images
[13]. For the indicated workflow, the main SEPR tags follow a hierarchy defined
by the examination stages (Figure 12.2). Sub-tags' structure and content also de
pend on workflow analysis. To create the SEPR (Figure 12.3), acquired digital
images are lossless compressed using the JPEG 2000 algorithm, which generates
the corresponding contiguous code streams. Data input is carried out by filling in
an associated form, adapted to obtain the XML data. Finally, the code stream and
XML data are integrated in the same JP2 file.

12.2.4 Specialized Electronic Patient Record
Usability Scenarios

The SEPR status evolves from its creation, until it is closed (see Section 12.3.2.2).
Simultaneously, various usability scenarios are feasible. In essence, they concern
data and information manipulation depending on a user's needs and access rights.
Five of the most frequent functionalities are:

• SEPR edition (including image processing if required), before closing it defini
tively.

• Hospital intranet exchanges are frequently required in daily medical practice,
even though it is not necessary to exchange all the EPR, just parts of it, depending
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FIGURE 12.2. Organization of the main SEPR tags in the XML box of the JP2 file.

on a physician's objectives. SEPRs can be stored in a central server or distributed
in different services.

• Hospital extranet exchanges are more restricted than intranet exchanges, and
concern specialists' meetings, second-opinion consultations, or distant diagno
sis. In this context, copies of an incomplete SEPR that needs further discussion
are transmitted to one or more distant sites, and the diagnostic report stored by
the physician responsible.

• Patient mobility consists of the circulation of patients to other regions or coun
tries to look for healthcare. In this scenario, certain information flow should
be guaranteed by the patient records. On the other hand, patients' rights to ac
cess their medical information imply that independent SEPR storage and access
services outside healthcare providers installations should be implemented.

• Content exploitation is the intent to use clinical data in an alternative manner,
beyond daily manipulation. In this case, SEPR completeness and structure play
a fundamental role.
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FIGURE 12.3. Generation of the SEPR integrating the acquired images and patient data in
one IP2 file.

Anyone of these scenarios exposes the transportable SEPR content to potential
risks, like unauthorized access . Therefore, in order to exploit the SEPR securely,
a security strategy is required.

12.3 Medical Information Security

Whatever the country, medical information security derives from strict ethics and
legislative rules, which define the rights and duties of both patient and health
professionals. Typically, health professionals are responsible for the data they
possess and provide. This imposes three mandatory characteristics (Figure 12.4):
confidentiality, availability, and reliability [14, 15]:

• Confidentiality, linked to the medical secrecy, means that only the entitled users,
have access to the information.

• Availability is the capacity of an information system to be used by the entitled
users in the normal scheduled conditions of access and exercise.

• Reliability deals with both, the confirmation that information has not been mod
ified by unauthorized people (integrity) and that the information belongs to the
right patient, being issued from the correct source (authentication).
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FIGURE 12.4. Relations between medical information security mandatory characteristics.

Hence, an EPR will be reliable only if each one of its elements is certifiedas
reliable. Reliability canbe extendedwithtraceability. In that case, wemustbe able
to verifyEPR integrity and to authenticate each location where the EPR has been
stored, accessed, changed,etc. before it was received. As a result, there is a need
for nonrepudiation services (i.e, proof that the EPR was emitted by the claimed
entity). Considering that EPR parts are closely connected, because diagnosis is
based on available and new acquireddata, and that the physician responsibility is
enlisted when new data are added to the EPR, an intrinsic link between all data
elements should be established to improve EPR reliability. Consequently, EPR
handling in an MIS requiresa precisecontent quality validation and control.

12.3.1 Medical1nformation Systems and Electronic
Patient Record Security

Whendealing withMISs, a securitydefinition is more difficult to establish,given
systemcomplexity, whichdependson manyfeatures[16],e.g. implemented func
tionalities, appliedtechnology, infrastructure, institution policies,etc.Tocope with
suchheterogeneity, information assurancemodelshavebeenproposed[17].Allof
them recognizethe nonexistence of absolute security, concluding that only some
optimizedlevel can be reached. Complementarily, we consider that several secu
rity layers have to be distinguished to improve the optimal security degree: the
EPR content, the EPR itself, the MIS (storageand processing), and transmission,
inherently linkingeach layer to the others.

Usually, information systemsecuritydesigncovers threemain steps, according
to a predefined security strategy [16, 18]. First, an analysis leads to the identifi
cation and evaluation of risks that can damage the system, its functionalities , and
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especially the medical information being handled. Whatever the approach, risk
analysis is mainly concentrated on the sensitiveness of data integrity, confiden
tiality, and availability. In our case, data are contained by SEPRs. In the second
step, security objectives [16] are simultaneously defined and implemented (secu
rity policies and procedures design, security tools integration), taking into account
system specificities. The third step consists of testing and verifying that the security
objectives are satisfied.

Information access control is a good illustration of these concerns [19,20]. Based
on an access control policy and different security tools, it can be deployed with
login and password. Nevertheless, the identification process should be replaced by
a two-factor authentication, combining two of the following solutions: password,
biometrics [21], and smartcard [22]. In the case of an MIS connected to an external
network, firewalls should control the access. Specific rules have to be drawn up
about how access will be granted from both sides of the firewall [23]. Concerning
information communication, most of the existing solutions are based on secure
communication channels, like a virtual private network [24].

The EPR security layer is integrated to the previous ones. As a result, the EPR
structure has to provide security facilities and attributes to be handled in a secure
environment. DICOM (medical.nema.org) integrates this concept, just for medical
images, making available a distinctive image identifier which indicates that the im
age belongs to one patient and is associated with one exam. An image system can be
DICOM compliant with several security profiles, related to storage, transmission,
and image anonymity. Subsequently, DICOM does not define a security policy,
but instead provides security mechanisms to be used in a secure environment.

As a consequence, the EPR structure should provide adapted means and mecha
nisms to improve security in an MIS, assuming that the EPR has to be exchanged.
Besides protecting medical information, requirements also concern tracing its dis
tribution (hospital archival, copy of the record for the patient, data accessed by other
services) and use. With interoperability issues being a major concern, EPR content
organization has to be securely structured, providing data only to authorized users
according to their needs.

12.3.2 Secured Specialized Electronic Patient Record

We propose to protect the medical data by adding to the SEPR structure a set of
security attributes processed by security mechanisms of the MIS. For this purpose,
the following security layers are taken into account: the healthcare institution, the
MIS that allows secured SEPR (SSEPR) handling, and the SSEPR and its content.

Cryptography and watermarking are complementary algorithmic approaches
used to define security attributes. Cryptography provides confidentiality through
encryption, but also integrity control and nonrepudiation using digital signatures
[25]. On the other hand, watermarking (originally proposed for copyright pro
tection of multimedia documents [26]) applied to medical images allows em
bedding data directly within the host media, by modifying its pixel gray-level
values, preserving the image file format [15]. In this way, watermarking facilitates
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complementary data to be removed and different kinds of information to be put
together as a unique entity, i.e. a watermarked image.

12.3.2.1 A Secure Environment

It is assumed that the healthcare institution has defined a security policy, specify
ing how authorized health professionals access the information. Technically, this
authority can be partially denoted by a public key infrastructure (PKI) [27], which
provides users with electronic credentials or certificates. These certificates belong
only to one entity (a user or a system), and contain its cryptographic public key.
Certificates cannot be forged, because they are digitally signed by the certification
authority represented by the PKI, i.e, the healthcare institution. Furthermore, a pri
vate cryptographic key, exclusively known by one entity, is linked to a certificate.
For one particular user, this private key can be stored on a smartcard [22]. When
a user requests access to the MIS, the PKI is prompted by the MIS asking for the
user credentials. If the authentication is successful, then access is granted. In our
approach the MIS acts as an entity, meaning that it is recognized by the PKI and
that it possesses its own certificates and cryptographic key pair.

Because, the SEPR may be transferred outside the hospital, a global authority
has to be defined and recognized by all healthcare institutions. To support entity
authentication, this authority can also be represented by a PKI. The proposed
SSEPR structure has been developed in agreement with this constraint.

12.3.2.2 Accessing the Secured Specialized Electronic Patient
Record Content

In the case of the nuclear medicine service, retrieving the patient's SSEPR is based
on different unique identification numbers (DINs). These DINs certify the link
between the SSEPR and the patient, as well as the exam and the healthcare service
it belongs to. Once the SSEPR is retrieved, its information access is controlled by
an access control list (ACL) [28], which contains access rules applying the security
policy of the institution. Figure 12.5 shows the disposition of the resulting ACLs
and digital signatures for the nuclear medicine SSEPR. Given that the SSEPR is
exchanged with other systems, several ACLs, each corresponding to an MIS, can
be specified. An MIS would only be able to decrypt its own ACL using its private
key. When ~ user access is requested, the MIS identifies and authenticates it through
the PKI, and then controls the ACL to ascertain whether the user is authorized to
access and exploit the requested SSEPR content. If the user is allowed to access
the records, then the last parts of the XML-formatted data are decrypted. Then, an
ACL is added each time the SSEPR is transmitted with a content that satisfies the
security policies of both communication channel extremities. Successful access
requests are recorded by the MIS in the SSEPR.

A complementary security attribute can be used to indicate the actual status
of the SSEPR: created, available for authorized edition or consultation, closed,
archived, or copy of the original. Once closed, it can no longer be modified.
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FIGURE 12.5. Encapsulated ACLs and digital signatures in the example SSEPR.

12.3.2.3 Adding Reliable Information to the Secured Specialized
Electronic Patient Record

Three different kinds of information are added to the SSEPR: information pro
vided by the physician who has requested the examination, newly acquired data
(images in our case), and the medical report . The first two have to be reliable before
being included into the SSEPR. A UIN functioning as a data pointer indicates un
ambiguously the origin and attachment to the same patient. Moreover, data have
to be digitally signed by the provider. Once the reliability check is performed,
data or their UINs are added to the SSEPR with the corresponding digital sig
natures, allowing compatible systems to verify that the information has not been
changed.
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The medical report written by the physician interprets acquired images taking
into account existing information. It should be digitally signed by its author, who
will not be able to repudiate its content. However, since the report may depend
on several data sources, it should integrate all the data DINs that were used.
Furthermore, a link must be established between images and the report content.
To obtain it in our scheme, digital signatures computed over the report content,
as well as the report and images' UINs, are embedded by applying a reversible
digital watermarking method to the images. That is, once the watermark is read
and removed from the image, the original pixel values are restored, preserving the
image quality for the diagnosis.

12.4 Secured Specialized Electronic Patient Record
Content Exploitation

The multimedia EPR improves the efficiency of most tasks related to patient data
utilization. Placed at the core of the MIS, by the very nature of its functionality, the
SEPR content exploitation is de facto done. However, content exploitation needs
to be customized, depending on the different kinds of users authorized to employ
the MIS. Applications should then ideally provide the appropriate information, to
the right user, at the right time. As a consequence, any implemented application
is likely to be specialized on a particular task, for a specific user, having access
only to part of the SSEPR. This section identifies existing specialized medical
content exploitation domains, along with the prospective enhancement that SSEPR
application could provide.

12.4.1 Content Exploitation Applications
Besides data storage and visualization applications, the multimedia EPR plays a
very significant role in the following contexts:

• clinical management
• medical information sharing
• specialized training
• medical practice and decision support
• knowledge extraction.

All of them, and particularly the last two, are the subject of extended academic
and clinical research. Applications concerning the first two are currently used, and
technology transfers are expected in the third and fourth.

12.4.1.1 Clinical Management

Applications in this domain are used by healthcare providers to administer and
automate the interaction between patients and physicians [29-31]. The main func
tionalities relate to the input and storage of patient-encounter information, reports
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generation, and interface with coding and billing software. In healthcare insti
tutions, at an organizational level, the main purpose of these applications is to
improve the quality and coordination of medical tasks (global planning, inter
ventions and consultations schedules, stocks and suppliers follow up, resources
distribution, etc.). One of the main difficulties in deploying them is to define an
adapted usability framework for each user group, medical, and management unit.
For example, two or more physicians from different units have access to the ex
amination results, but not necessarily to the complete EPR. On the other hand, the
assistant should not have the right to read the examination report, but should be al
lowed to take care of the administrative part. This implies that system design must
take into consideration those requirements. Introduction of an SSEPR can bring
more flexibility to solve this issue, although this increases the content protection
complexity.

12.4.1.2 Medical Information Sharing

Healthcare structure is intrinsically distributed, consisting of a geographical spread
of variable-sized medical centers, from regional hospitals down to individual gen
eral practitioners. Although each medical institution is autonomous and devoted
to the delivery of particular services, healthcare continuity requires that different
medical institutions exchange relevant complementary patient data and operate
in a cooperative environment in order to improve the service quality [32]. This
implies system interoperability, which can be carried out through the exchange of
medical data using open multimedia standards. In our example, image header and
pixel values can be extracted from original DICOM images and integrated to the
SSEPR, remaining compatible with the original imaging acquisition system [33],
while also being available to be transmitted using conventional networks and used
in other platforms.

12.4.1.3 Specialized Training

Improved precise and efficient access to specialized training material can be ob
tained using adapted multimedia EPRs [34]. Study cases are chosen from large
image databases, applying retrieval criteria (mirc.rsna.org) [31] like anatomy, di
agnosis, or visual similarity. Archived data are selectively available to instructors
and students, depending on the training stage. For instance, an oncology lecturer
could search a particular lesion visualized in nuclear medicine images, accessing a
Web server capable of retrieving the pertinent images and associated patient data,
using a limited set of keywords. Given its flexibility, the SSEPR can be adapted to
this task, providing the required data, without a patient's identification.

12.4.1.4 Medical Practice and DecisionSupport

These tools generate supplementary advice or interpretation about a particular case,
using explicit knowledge [35]. The recommendations generated are normally as
sociated with a given certainty percentage likelihood, and are based on previous
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validated diagnoses with identical and similar symptoms, compared with a sep
arate percentage of similar diagnosed cases from the literature. Alternatively, an
SSEPR database can be used as a reference, e.g. coupled to case-based reasoning
(CBR) or case-based image retrieval (CBIR) tools, combined with rule-based rea
soning and a domain knowledge base. The SSEPR should, therefore, be completed
following a particular procedure that validates each record only if all relevant fields
have been correctly filled in [36]. Relations between record elements are first an
alyzed by means of rule-based reasoning, which handles common diagnosis. If an
unusual case is identified (Le. it does not follow the rules guideline), then CBR
[37] is activated to retrieve a similar one with partially similar record compo
nent relations. Sometimes, during the interpretation of an imaging exam, referring
physicians encounter complex cases requiring comparison with a previous similar
case. CBIR [38] facilitates this procedure using the image description concerned
as a query to retrieve records in the SEPR database that contain images with a sim
ilar description. SSEPR utilization permits the addition of indexes [39], making
interoperability possible with medical practice and decision-support applications.

12.4.1.5 KnowledgeExtraction

These applications intend to deduce causal unknown relations from clinical data,
focused on specific health problems. Current research efforts look for methodolo
gies and algorithms that are capable of identifying comprehensible knowledge of
medical interest in large databases containing measurements, observations, and in
terpretations [39]. Among the methods studied, we find data mining [40], evidence
reasoning [41], and genetic programming [42], with variable results depending on
the 'context application. Yet, for each of them the EPR structure and availability
are of prime importance. In this sense, the SSEPR offers the required flexibil
ity to arrange the components involved and make them accessible to authorized
knowledge-discovery tools.

12.5 Discussionand Conclusion

The SSEPR provides improved access to protected data that are structured in a
flexible manner and which can be adapted to different medical specialities and
content exploitation scenarios. It is particularly meant to be the basic information
exchange unit in secured synchronous or asynchronous collaborative and multidis
ciplinary interactions. Additional work is necessary to integrate medical signals,
video, and three-dimensional objects. Generalization of the SSEPR to cover most
MIS modules depends completely on the exploitation context's scope and security
policies.

Notwithstanding the concept advantages, security implementation limits data
availability. The main issue concerns security stability through time, given that
security policies should follow the changing nature of security attacks, making it
obligatory to update protection tools and procedures continuously. Moreover, laws
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restrict the application of enhanced security technologies, obligating institutions
to use technologies that can be disabledby specialists withconventional methods.
Another issue relates to accessibility of cryptography keys. Keys can get lost,
abruptly preventing one obtainingany of the protecteddata; or they can change,
thus requiring all data be encryptedanother time. Image watermarking, inspired
by similar ideas to preserve a strong link between security data and protected
information, is confrontedwith the samequestions, whichbecomemorecomplex
when appliedto rich multimedia data sets.

The MISs of the future are supposedto combinemultipledatabaseswith med
ical practice anddecision-support systems. They are expected to improve their
capabilities, witha demonstrated impactof complementary EPRcontentexploita
tion, whichis perceived as an appropriate systemcomponent indailypractice[43].
Effortsarerequiredtoconceive benchmarks capableof assessing thevalidityof in
formation retrieval technology in clinicalsituations [44],considering that existing
academic researchapplications arespecialized and testedon limiteddatabases. On
the other hand, use of true open standards is becoming increasingly importantto
avoid lackof interoperability between proprietary systemsand to avoidbackward
incompatibility of applications, data storage, and manipulation devices, among
others.
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13
Knowledge Management and the
National Health Service in England

CAROLINE DE BRUN

Abstract

The aim of this chapter is to discuss the application of knowledge management
(KM) in healthcare, with a particular focus on the National Health Service in
England. Key issues surrounding the implementation of knowledge management
in healthcare and examples of good practice will be identified. Although the term
KM is not widely accepted in health services, there are a number of examples
where KM initiatives are being successfully applied to support clinical decision
making and improve patient safety.

13.1 Introduction

There is much debate in healthcare over the use of the phrase "knowledge man
agement" (KM), particularly when applied to healthcare operations. It is generally
viewed as a term associated with business and industry, a buzzword representing a
commercial environment where the preferred outcome is financial gain and, there
fore, of no relevance to health. Within healthcare, the outcome of a patient's stay is
the key measure of success, with the preferred outcome being patient satisfaction
and improved wellbeing.

However, despite the resistance to the terminology, there is a place for KM
activities in healthcare organizations, and there are several initiatives which are
currently being embedded into the organizational culture of the National Health
Service (NHS) in England.

13.2 Knowledge Management

A popular definition of KM is provided by Royal Dutch/Shell:

The capabilities by which communities within an organisation capture the knowledge that
is critical to them, constantly improve it and make it available in the most effective manner
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to those people who need it, so that they can exploit it creatively to add value as a normal
part of their work. (Royal Dutch/Shell as reported by British Standards Institute 2001 [1])

Within healthcare this could translateto:

The way in which multidisciplinary teams, working in healthcare, harvest the personal
expertise that is essential to patient safety, learn from it, adapt it to local situations and
individual patients, and distribute it via reliable networks to the people caring for the patients,
so that they can use it to improve the quality of care delivered.

In.healthcare, KM shouldbe about:

• coordinating experts in a particularspecialism;
• giving them resources to collaborate;
• enablingcliniciansto discuss the best treatmentmethodsand reacha consensus,

based on explicitknowledge and personalexperience;
• disseminating it in a validated, robust format, such as a guideline.

But this is only part of the formula. For fully-informed patient care decisions,
the complete knowledge package should comprise of all of the following, thus
enablingthe local knowledge to work with the localisedevidence-base:

• individual wisdom (alsoknownas personalexpertise,clinicianknowledge, tacit
knowledge)

• evidencebased practice(expertisebacked up by high quality research)
• patient preference(basedon choice and values)

Knowledge management can only improve healthcarewhen knowledge has been
successfully integrated with evidence-based practice [2].

13.3 Intellectual Capital

With many definitions of KM available, it is generallyagreed that people are the
driving component. Arthur Anderson, one of the largest accounting/consulting
firms in the US, came up with the following equation:

K = (P + I)s

where Knowledge = People connected by technology to allow the Sharing of
Information [3].

This model illustrates the use of technology in bridging the gaps across geo
graphical distancesto facilitate knowledge sharing.As in manycountries,the state
health system is spreadnationwide; therefore, it is imperative that employees un
derstand the importance of sharing their knowledge with other employees across
the organization. Technology, such as e-mail, online communities, and intranets,
can facilitate this process.

The knowledge that needs to be managed is the intellectual capital, the indi
vidual knowledge people possess, gained through experience and contact with
like-minded experts, the tacit knowledge that "is stored in people's minds and
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memories, and which is often carelessly lost by the organization when people
move on, through resignation, redeployment, or retirement.

13.4 Importance of Knowledge Management
in Healthcare

Particularly in healthcare, time, energy, and resources are wasted because different
teams, be they operating in the community, on the ward, or in the operating theatre,
often repeat the same practices and develop new methods over and over again,
rather than sharing what they know via reliable national networks so that they can
learn from each other.

KM should be an extension of evidence-based medicine, which draws on the
documented evidence of treatment effectiveness to calculate the best care for the
patient. Patients are individuals and may react to treatments in different ways. Only
health professionals at the front line are aware of these adverse incidents, and they
need to make sure that this tacit knowledge, which is locally specific (but may be
applicable to other localities), is documented, backed up by research, and passed
on via robust systems to other clinicians facing similar situations.

13.5 Benefits of Knowledge Management in Healthcare

Sharing knowledge of lessons learned offers staff, patients, and the healthcare
organization numerous benefits, including:

• improved patient care, patient safety, and ultimately patient satisfaction;
• increased motivation, with the fact that everyone is working together and better

results are being achieved;
• team-building, across the nation and across the globe;
• opportunities for research and innovation, supported by the new networks being

built across the specialties;
• increased learning opportunities, via new contacts within other organizations;
• efficient healthcare systems, both in terms of effectiveness of treatments and cost

effectiveness, because healthcare staff are working out the most effective way of
treating patients and carrying out routine tasks, learning from other departments
and thus creating a reduction in duplication;

• better communication with computer systems in place to allow health profes
sionals to effectively communicate electronically;

• more informed decision making by learning from others and building on indi
vidual experiences.

13.6 Barriers to Knowledge Management in Healthcare

There are a number of issues hindering the adoption of KM into healthcare, the
four main issues being:
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13.6.1 Terminology

As stated previously, the term KM is associated with business,power,and profit.
However, when broken down into what it actually is, i.e. sharing and building
on what is known to improve a service, the outcome can mean anything that
will benefit all involved, be they patients, carers, health professionals, or health
organizations.

It would be difficult to change the terminology, as it is firmly established in
other industry sectors, but translations could be made available to put KM into
a clinical context. For example, ward rounds are a community of practice. They
enable health professionals with different expertise, but with a common goal, to
meet with the patient and collaborateto identifythe most effectivetreatment.Care
pathways are templates detailing the local procedures a patient with a particular
condition will follow during the course of treatment. Because these documents
do not contain confidential information, they can be shared between healthcare
organizations, avoiding duplication of effort, enabling staff to learn from each
other, and ensuring that a uniform service is being offered throughout the health
service.

A consequence of the lack of appropriate terminology is that one of the most
challengingissues is findingresearch,about in healthenvironments, on healthcare
databases.Evidenceis necessaryto support the implementation of KM initiatives,
but the termdoes notexist in the indexesof mostof thedatabasesrelatingto health.

A list of 15key articleson KM in healthcarewas compiledfor a Departmentof
Healthproject in 2004,and a searchstrategydesignedto findthese articleswasde
veloped.The publicationdate of the articlesrangedfrom 1986to 2002.Only three
of the articles were found using the search strategy. 'On examining the key words
for each reference, it was found that they were all indexed with different terms,
and there was no specific term identifyingthem as articles about KM in a clinical
setting. This is because the term "knowledge management" is relatively new to
healthcare. The term "knowledge" was added as an index term (also known as
MeSH, Medical Subject Headings, thesaurus, descriptors, keywords) to Medline
and the Cochrane Library in 1997, but it is too broad. Psyclnfo (a database con
tainingpsychological abstracts)has used"knowledgelevel"as an indextermsince
1978, and this term would seem more appropriate to KM. CINAHL(Cumulative
Index of Nursing and Allied Health Literature)added the index term "knowledge
management" to its thesaurus in 2002. The lack of a common term for research
about knowledgemanagementin health is one of the difficulties facinghealthpro
fessionalswhen lookingfor researchexamplesof KM applied to clinical settings.
A new search strategy was compiled and is currently 100 steps long, but it needs
frequent updatingto reflect the changing terminologyof KM in healthcare.

Once the terminology is translated into the language of the health service,
it will be easier to find examples and apply KM concepts, because staff will
have a clearer understanding of what is expected. They will also discover that
KM is already embedded in some of their activities, albeit under a different
name.
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13.6.2 Trust

Trust is integral to the success of KM in health, particularly if mistakes have been
made and lessons need to be learned. Errors do occur and need to be investigated;
but, more often than not, it is the design of the system at fault, rather than the
individual involved. Furthermore, if it is system failure then the system could fail
elsewhere in the UK, and this is why the incident should be reported and acted
upon, with the information being disseminated throughout the country. Systems
are being put into place to ensure this happens; but, for this work to continue and
develop, health professionals must feel reassured that they will not be blamed for
mistakes if it was due to a general failure in the system, and they must not be used
as scapegoats. If it is a general systems failure, then the organization must take
responsibility and show how improvements will be made. In 2000, the Department
of Health published the document "An Organisation with a Memory," [4] which
will help with this process, although it will take time to build the level of trust
required. People are beginning to talk more when mistakes occur, but putting them
in writing requires a greater level of trust and support.

Trust is also important for cooperative behavior, as people will be more willing
to share what they know in an open, trusting environment.

13.6.3 Technology
Technological advances mean that health professionals' roles are becoming more
information technology (IT)-based, which for people who have not grown up with
technology can be quite daunting. Currently, in healthcare, IT-based KM initiatives
include:

• Decision support systems, to help clinicians make informed decisions.
• Intranets, to enable secure sharing of patient data.
• Blogs, to encourage collaboration.
• Online communities, to support networking and sharing of expertise.

These are all used in healthcare and should be promoted and developed further to
help improve patient care.

In the NHS, the infrastructure for a robust computer system countrywide is
making progress. It is a monumental project, which needs input from all involved,
and cannot be achieved overnight. But the structure is in place; and in the not t.oo
distant future, patient information and tacit and explicit knowledge will all be safely
shared across the country via secure networks, meaning that all health professionals
will have the same access to the best information needed to treat patients.

13.6.4 Time
Time is always an important issue, particularly when change is involved. However,
as demonstrated earlier, KM concepts are already being applied in healthcare set
tings, albeit in disguise. These concepts are increasing knowledge levels and saving
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healthprofessionals time and effort,becausethey no longerhave to "re-inventthe
wheel." They can adapt existing systemsthat have alreadyprovedsuccessful. For
example,why write a newprocedurewhen one alreadyexists that can. be adapted
to suit local situations. Initially, adopting a new technique, already applied else
wherein a similarenvironment, will requirean investment of time,but in the long
term the benefits will be worth it in terms of improved patient care, reduction. in
workloadfor healthcarestaff, and more efficientuse of resources.

13.7 Overcoming Barriers to Knowledge
Management in Healthcare

These barrierscan be overcome, but successful KM does requirethe commitment
ofallstaffwithintheorganization, fromcleanerstocateringstaff,toadministration,
to allied health, to clinicians. Everyone within the organization plays an essential
role in the delivery of healthcare, and for that reasoneveryone needs to knowthat
their knowledge contribution is valuable to the improved care of patients.

Some of the key steps to overcoming barriers include:

• Finding someone with influence within the organization who believes in, and
practices, KM and supports them in making KM part of the organization's
culture.

• Educating by example, using stories to demonstrate successful and achievable
implementation of KM in healthcare.

• Providingopportunities and time for people to meet and share good practice.
• Developing a secure and simple computer system, such as an intranet, so that

experiences can be easily shared.
• Rewarding good practiceand innovation with recognition.
• Encouraging a trusting environment. This is possibly the most difficult step to

achieve, but trust is the foundation stone of KM.

In terms of the NHS in England, barriers are being overcome. KM is being
implemented, and this will be discussedfurther in Section 13.8.

13.8 Background to the National Health Service
in England

The National Health Service in England operates in accordance with policies
developed by the Department of Health. These policies are implemented by 10
StrategicHealthAuthorities (SHAs),whichcommission theservicesof thePrimary
CareTrusts (PCTs)and AcuteTrusts. The PrimaryCareTrustsare responsible for
commissioning local community health services, (such as general practice staff,
community nurses, and allied health professionals), and the Acute Trustsprovide
emergency and hospitalcare.
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The NHS has undergone several reorganisations over recent years, thereby
strengthening the case for knowledge management in the NHS, as employees
move within the organisation or leave as a consequence of change, taking their
knowledge with them. The document, "Creating a Patient-Led NHS" [5], is set to
further influence changes in the way services are commissioned, by halving the
number of PCTs in England. This reflects patient choice and preferences, and will
simplify management and administration processes, enabling staff to concentrate
on health improvement.

A snapshot of the current situation shows one SHA, the South Central NHS,
serving a population of 3,922,301, with health services provided by 10 Acute
Trusts, 47 community hospit.als, and 516 GP practices.

This is an example of just one Strategic Health Authority. In September 2005,
the NHS employed 1.3 million staff across the whole country, in a range of set
tings, including emergency care, mental health, ambulance services, rehabilitation,
general practice, and policy and administration.

From this, we can see the NHS contains an abundance of relatively uncontrolled
knowledge, which needs to be coordinated, harvested, and appropriately distributed
throughout the health service, with the aim of improving patient care. Furthermore,
with the many recent changes to the organisation, which have lead to promotion,
redeployment, redundancy, resignation and retirement, departments within t.he
NHS are losing large quantities of expertise, because systems are not in place
to harvest tacit knowledge. While working for the NHS, employees gather vast
amounts of knowledge from their experiences, and without. careful management,
this valuable knowledge could be lost and the opportunity to learn from others
may be missed.

The NHS does deliver an excellent service; but the more it delivers, the more is
expected and demanded. Resources often cannot be implemented quickly enough
to meet the increasing expectations, and mistakes do occur [4], which, although
rare, do cause devastation to patients, their families, and also NBS staff, whose main
priority is patient well-being. The findings of "An Organisation with a Memory"
[4], chaired by the UK Chief Medical Officer, showed that human errors were
often caused by systems failures rather than carelessness or incompetence [6]. The
report suggested that, to improve patient safety, better reporting systems should be
int.roduced, together with a more open culture, within the NHS, allowing people
to learn from mistakes.

Prior to that publication, the Information for Health: An Information Strategy for
the Modem NHS [7] was published, highlighting three explicit needs of clinicians:

1. Fast, reliable and accurate information about patients in their care.
2. Access to knowledge to inform clinical practice.
3. Access to information to underpin evaluation of clinical practice, planning and

research, clinical governance, and continuing professional development [8].

The strategy recommended that a National Electronic Library for Health
(National Library for Health, as of November 2004), (NeLH) be developed, whose
aim it would be "to provide easy access to best current knowledge to improve
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health and healthcare, patient choice, and clinical practice" [9]. The justification
for this digital library was that decision makers, unless they have access to good
knowledge, wouldface barriers in providing high-quality healthcare.

To support the lessons learned and other KM initiatives, the National
Library for Health (http://www.library.nhs.uk) launched the prototype for
the Knowledge Management Specialist Library (http://www.library.nhs.uk/
knowledgemanagement), in 2003, as part of the range of specialist libraries of
feredby the NeLH.This projectis beingfundedas partof theNationalKnowledge
Service (NKS)Mobilisation work-strand.

13.9 Knowledge Management in the National
Health Service

With an increasing realization that KM could help prevent some of the medical
errors occurring, the NHSconcentrated on developing KM activities via the NKS.

The aim of the NKS is to provideNHS employeeswith the best currentknowl
edge and the resources to capture this knowledge and turn it into an appropriate
formatso that it can be disseminated throughout the NHS,withthe ultimateaim of
improving patientsafetyand standardizing practice.Within the NKS sit a number
ofprojects,including the"Do OnceandShare"(DOAS) projectandtheKnowledge
Management SpecialistLibrary, accessible via the NationalLibraryfor Health.

DOAS focuseson the 50 major clinical topics, some examplesbeing renal fail
ure,childhealth,asthma,andoralhealth,andaimstominimizeduplication ofeffort
by developing a common management approach across the NHS. The project will
develop national clinical communities of practice, to facilitate collaboration and
joint working. Thefollowing paragraphs lookatotherexamplesofKM intheNHS.

Lessoncards and Eurekaswere developed by the NHS Modernisation Agency.
Theyarefunctional andconcisedocuments containinglessonslearnedfromexperi
enceandexamplesof innovation in theNHS.TheNHSModernisation Agencyand
the NHS University have since evolvedinto the NHS Institute for Innovation and
Improvement, (http://www.institute.nhs.uk), which will support the development
of newideasand work-basedlearning, useof technologies andbuildon goodprac
tice to improveservices to patients,NHS employeesand membersof the public.

The NHS in England has developed a Protocols and Care Pathways database
(available via the National Library for Health), containingstep-by-step guides to
procedures from NHS trusts around the country, whichcan be adapted to suit the
local environment.

Map of Medicine is another KM tool available via the National Library for
Health,connectinghealth professionals to the evidencebase and localguidelines.

NHS Networks (http://www.networks.nhs.uk) enables health professionals to
set up work-related networks, facilitating the communication process and sup
portingcollaboration.

This demonstrates that, throughoutthe NHS, thereare manyinnovative projects
in place to gather and use professional expertise. The aim of the Department of
Health and the NHS is to provide a gateway to these initiatives, encourage the
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development of new ideas, and to support a knowledge-sharing environment, and
this is why the Knowledge Management Specialist Library is being developed.

Originally, the Knowledge Management Specialist Library was an introduc
tion to KM, containing articles describing KM, book references, and information
on a range of KM tools and techniques, such as exit interviews, white papers,
communities of practice, etc.

More recently, the content of the site has been updated and migrated to a new
resource management system. The aim of this portal is to direct health professionals
to practical examples of KM applied to health, backed up by evidence, with the
opportunity to join a community of practice to share experiences. The updated site
was designed to provide the following:

• access to quality research on KM in healthcare;
• information on tools to implement KM in healthcare;
• networks to discuss and share ideas;
• glossary to make KM more understandable;
• diary dates, so that health professionals can attend relevant events;
• good practice examples, in the form of case studies, strategies, and lessons

learned.

Content now includes links to full-text research articles or summaries demon
strating the application of KM techniques in health settings, together with intro
ductory articles defining different KM concepts. The site provides access to a
community of practice, which has been set up by the Northumberland Tyne and
Wear Strategic Health Authority (now part of the North East SHA), and is available
to all KM practitioners in the NHS. Communication currently takes place via a
weblog called Talking KM, available at http://talkingkm.blogspot.com/

The adoption ofRSS (Really Simple Syndication) feeds will ease the process of
keeping up to date by allowing the website to send new content links to subscribers.

The updated Knowledge Management Specialist Library was launched in
September 2005, but the site is not complete and it cannot be while knowledge
management is being actively developed in the NHS, as it relies on user participa
tion. This resource is being promoted via a monthly newsletter called Knowledge
Flow, which highlights key resources on a different KM topic each month.

13.10 Conclusions

Communication, trust, and understanding are the keys to successful KM in health
care.

There is still a lot of work that needs to be done to build a knowledge-sharing
culture in healthcare. Without robust communication channels, whether newly
developed or built on existing networks, people will not be able to share their
expertise. With regards to the NHS, communities of practice need to be more
flexible, and allow for networking, information sharing, collaboration, etc.

For healthcare to embrace KM successfully into the heart of their industry, there
needs to be a greater understanding of the concept. Another important step for
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improving KMin the NHS,andhealthcare generally, is to overcome the terminol
ogy barrier, and this can be done by demonstrating to NHSemployees that KM is
beingpracticedin the NHS,in the formof communities of practice(wardrounds),
lessonslearnedfroinexperience andgoodpractice,decision-support systems, and
intranets.

Timeis alsoan important factorin thesuccessofKM. Peopleneedto be encour
agedto writeup theirexperiences. Developing templates, enablingstaffto can fill
in the gaps withtheirexperiences, can facilitate this process, and thesedocuments
should then be uploaded onto a centrallyaccessible resource, such as an Intranet.
Naturally, if thisdocumentis directlyconcernedwithpatientsafetyor a changein
procedure, then a process for quality evaluation needs to be in place, and then it
shouldbe circulatednationally, in case it can benefitother NHS organisations.

As KMbecomes increasingly understood in the NHS,morecontentwillbe cre
ated by NHSstaff,whichwillbe addedto the Knowledge Management Specialist
Library anddisseminated viathegrowing communities ofpractice. Thiscontinuing
development will supportthe ultimateaimof improving patientcare and reducing
inefficiency, by enabling staff to learn from each other and build on innovative
practice, whichcan be sharedlocally, nationally, and perhapsevenglobally.
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14
Knowledge Management and the
National Health Service in Scotland

OLNER HARDING AND ANN WALES

14.1 Introduction

This chapter aims to consider the National Health Service (NHS) in Scotland
(NHSiS) from a knowledge management (KM) perspective and describe some of
the issues, advances, and successes. It begins with some background information
on the NHSiS. There follows a discussion on the advances made in terms of
developing the NHSiS as a knowledge-based organization, based on some models
from the KM literature. Finally, there is a case study: the National Pathways Project,
giving an example of KM in practice.

14.2 Background

The NHSiS was established in July 1948 as a result of the National Health Service
(Scotland) Act 1947. Since that time there have been some organizational changes;
but, in general, the NHSiS has consisted of "operational units," some form of
management system, and governance arrangements through a board structure.

Currently, the NHSiS can be described as comprising the following:

• front-line staff
• service units
• organizational units
• local NHS boards
• NHS national organizations.

The government department managing the NHSiS is the Scottish Executive
Health Department (SEHD), which includes within it the Centre for Change and
Innovation (CCI).

Although this is the basic, traditional structure, there are an increasing number
of strategic and operational configurations that cross the traditional boundaries of
organization and sector, e.g. community health partnerships, managed clinical net
works, regional planning partnerships. The cross-boundary nature of these models
has major implications for KM.

189
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14.2.1 Frontline Staff

Doctors, nurses,alliedhealthprofessionals, and otherhealthcareprofessionals de
liver healthcare activity to their patients or clients. Such activity may consist of
assessment (throughinterview, physicaltesting,or more technical tests)and inter
vention (carrying out procedures orprescribing medication or someotherdeviceor
treatment). The healthcare professions tend to havetheir ownprofessional bodies,
suchas the variousRoyalColleges, whichare involved in teaching, education, and
maintaining standards of practiceby their members.

14.2.2 Service Units

The organization of front-line staff usually forms a relatively small unit to start
with,e.g. the hospital ward,outpatientdepartments, or thegeneralpractice(which
is, in fact, contracted to the NHS rather than being a part of the organization).
There may be organization of these units into largerdepartments.

14.2.3 Organizational Units

The next major level of organization is that around which most planning can be
carriedout.Hospitals maybeorganizedintoacuteoperatingdivisions; primarycare
is currentlyorganized aroundcommunity healthpartnerships (whichare strategic
bodies workingacross sectoral boundaries, and includesorganizations other than
those within the NHS, such as local authorities and voluntary organizations).

14.2.4 Local National Health Service Boards
The next level of organization is the local NHS board. This covers a defined ge
ographic area, and encompasses all operatingdivisions within what is known as
a single system. They have a degree of autonomy and a decision-making system
based on a board consisting of executive and nonexecutive members. Since the
moveto "single systemworking," NHS boardsform the singleemploying organi
zationfor the NHSiSat the local level.

14.2.5 National Health Service National Organizations

There are other NHS boards which have a remit across Scotland. These boards
havea range of functions.

National Services Scotland. This covers a number of national roles, such
as a central legal function, communicable diseases and environmental health,
managing data from the NHSiS on a national basis, national screening pro
grams,bloodtransfusion services,someothernationalservices,andadministrative
functions.
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NHS Health Scotland. This is described as a national resource for improving
Scotland's health.

NHSfor Education Scotland (NES). This has a remit for supporting best practice
in education, training, and lifelong learning for NHSiS staff.

NHS Quality Improvement Scotland. This aims to improve the effectiveness and
efficiency of the NHSiS.

NHS24. This a telephone health advice and information service available across
Scotland (equivalent to NHS Direct in England).

SEHD. The SEHD has responsibility for the NHSiS, and for the development
and implementation of health and community care policy, the accountability for
which is to the Scottish Parliament. It communicates with the NHS through Health
Department Letters and other means. It includes within it mechanisms to perfor
mance manage and support the NHSiS, such as the CCI, which supports service
modernization and redesign.

14.2.6 Summary

The ultimate aim of the NHSiS is to deliver appropriate assessment and inter
vention to patients/clients (including that relating to the public health and health
improvement function). It can reasonably be assumed that knowledge is crucial to
the process of achieving this aim through the resources available to the NHSiS,
and that this applies across all the parts of the NHSiS described above.

Until recently the main knowledge focus has been the practitioner. Library
services aimed to provide knowledge from research literature and other sources
to practitioners in order to allow them to gain personal knowledge and skills,
which would translate into high-quality patient care. Now, however, a broader
concept of knowledge means that the remit extends beyond library services. There
is a recognition that the interrelationship between people, hardware, and systems
forms the basis for knowledge generation and use.

It is on this basis that NES, the lead organization for KM in the NHSiS, is taking
forward the NHSiS strategy in KM. In "From Knowing to Doing: Transforming
Knowledge into Practice in NHS Scotland" [1] the context described above is
redefined from a KM perspective as the "Scottish Health Information Environ
ment." This has the patient at the center, with practitioners and others forming
a local environment, with supporting knowledge/information processes on the
outside.

14.3 Knowledge Management in the National Health
Service in Scotland

In this section we describe some of the general theories and models used in KM,
and relate these to the NHSiS.
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TABLE 14.1. Applying KM methods to NHSiS.

KMelement NHSiS

People • Practitioners, supportstaff,managers, policy makers within NHSiS
• Patients or clientsthemselves
• Partners, e.g. individuals in otherpublic-sector organizations

Processes The range of possible processes is large, some more formalized than others,
but includes:
• Professional qualification and accreditation
• Qualityassurance processes
• Clinical workflow processes

Activities • Interacting withpatients or clients
• Interacting withcolleagues
• Communication in general: reading, dialogue, writing
• Searching for material/literature
• Thinking, reflecting, assimilating
• Groupwork

Technology • Information technology (IT):penand paper, computer
• "Soft" technologies, e.g. interpersonal skills

Environment • Timemanagement
• Culture

14.3.1 Attributes ofKnowledge Management Systems

Lehaneyet al. [2] suggestthat there is no singleunifyingdefinition or approachto
KM, but there is some consistency in the underlying principlesand content. KM
involves:

• people,
• processes,
• activities,
• technology, and
• the broaderenvironment,

thepurposebeingto enablethe identification, creation,communication or sharing,
anduseoforganizational and individual knowledge. Howthisappliesto theNHSiS
is presentedin Table 14.1.

Lehaneyet al. [2] go on to describea model based around staff, structures, and
technologies, applied to the NHSiS as highlighted below.

14.3.1.1 People/staff

Although staff are key to any organization, other people within the NHSiS are
important too. The latest KM strategies for NHSiS put the patient firmly at the
center; and this is appropriate, as the ultimate organizational goals are around
patientsand their health.For this reasonalso, patientsare seen as key participants
in the activity of the health services, with their own information and knowledge



14. Knowledge Management and the NHSiS 193

needs that can have a significant influence on outcome. Patients, and the public at
large, are seen as key stakeholders at a number of levels, and one of the main themes
of the KM strategy for the NHSiS is around patient focus and public involvement.

Within the NHSiS, staff development takes place through a number of mecha
nisms, such as:

• Professional development. This is often encouraged by specific professional
bodies, or there may be formal requirements for continuous professional devel
opment in place.

• Local NHS board staff-development programs.
• Local programs for research, development, and audit.
• Local clinical governance arrangements.
• Contracts of employment. When reviewed, may take account of staff attributes,

e.g. the knowledge and skills framework within "Agenda for change" [3].

Often the development of "know-how," "know-when," etc. occurs as experience
is gained, and there are informal means of gaining individual knowledge, through
working with colleagues for instance.

As well as developing staff in relation to these attributes, local departments of
human resources and/or organizational development have a role in developing the
broader skills to enable gains in individual knowledge, e.g. in developing critical
thinking and emotional intelligence.

"Building a knowledge competent workforce" is seen as key to the success of
the implementation of the KM strategy.

14.3.1.2 Structures

Structures may relate to the environment, activities, and processes. Within the KM
strategy for the NHSiS a lot of emphasis has been placed on the development of
"managed knowledge networks" (MKNs), which aim to support extended virtual
communities, such as managed clinical networks. At present, MKN members are
connected largely by technology via the NHSiS e-Library portals and knowledge
exchanges, and are supported principally by explicit knowledge sources in the
form of published primary and secondary literature; but, in the future, they should
also involve more social interaction among participants.

14.3.1.3 Technologies

A lot of emphasis is placed on the use of IT in the KM strategy for the NHSiS.
Much of this is based on obtaining explicit knowledge through the searching of
databases, with an emphasis on the interoperability of databases. The human-IT
interface is seen as important too, with a recognized need to develop individually
flexible, relevant systems that can be used (almost) instantaneously with clinical
activity.
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14.3.2 The Balance Between Attributes ofthe Knowledge
Management System

It is likelytobetheinterrelationships amongthepartsof thesystemdescribedabove
which will determine the overall strengths of the system. If this is the case, then
it is likely to be the least sufficiently developed attributes which will determine
the overall strength of the system. Edwards et aI. [4] carried out a survey of
peopleinvolved in KM,comparingthe perceived and desired levelsof importance
placed on different KM factors. They found that, for technology, the perceived
importancewas greater than the desired importance. In other words, too great an
emphasisis placedon IT solutionsto KM.The samesurveyfoundthat insufficient
importance is placed on culture and people. To some extent this is the situation
within the NHSiS,whereadvances in technologies seem verymuch furtherahead
than changes in culture and other aspectsof the environment.

Often, a practitioner's work plans focus mainly on activity, with insufficient
emphasis on reflection and acquiring knowledge. Time management, with suffi
cientallocation to knowledge-based attributes, is required. Moreimportantly, there
needs to be the development of a culture whichvaluesknowledge and encourages
continued learning. This is emphasized by Anderson [5], who describes certain
attributes of culture in the NHSiS which may form barriers to creativity in KM
and knowledge sharing.

With the changes in employmentpolicy and practice comes, perhaps, the op
portunity to address this, e.g. through the knowledge and skills framework of
"Agendafor change" [3]. These sorts of changes in humanresourcemanagement
may provide an opportunity for a more flexible system of rewards and incentives,
as suggestedby Anderson[5].

14.3.3 Further Exploration ofProcesses

It is the interrelationship amongstaff, structures, and technology whichallowand
facilitate the basic KM processes [2] of:

• identification, or creation
• acquisition
• retention
• utilization
• sharing
• measurement.

Within the NHSiS there are three main domains of functioning: clinical prac
tice (i.e, focused on the activities of assessment and intervention), management
(i.e. organizing people, processes, and materials and equipment, etc., to allow ac
tivity to take place), and policy development and planning (i.e, developing plans
and strategies for the future direction of the service). For each domain there are
examplesfor each KM process (Table 14.2).
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TABLE 14.2. KM process examples foreach domain.

Identification
or creation

Acquisition

Retention

Utilization

Sharing

Measurement

Clinicalpractice

Identification of existing
national clinicalguide
lines or development
of localguidelines

Orderfromthe library

Keepnearby

Referto whenseeinga
patient(or beforeor
after)

Telling others in the
team

Auditon the useof
guidelines

Management

Setting up an employee
database

Populating database
fromother
data/employees
themselves

Storeon local computer
server

Referto whencarrying
out reviews

Summarizing data for
executives

Identification of com
pleteness/external
audit

Policyand planning

Identification of data and
information on a pop
ulationhealthneed

Obtainingthis from
sources,e.g. lSD,
NHSHS,eLib

Storeon local computer
server

Production of a report

Presentto the NHS
board

Evaluation of report,
outcome,decision
making

Table 14.2 gives a few examples only; the range and depth of KM processes
across the three domains is huge. Within the KM strategy for Scotland [1], most
focus seems to be on the "clinical practice" domain, and the management do
main is considered also. Of the KM processes, acquisition, utilization, and shar
ing are considered, but there is scope to develop measurement further. Such ap
proaches as knowledge audit, mapping, and gap analysis may be useful. Although
the main focus has quite rightly been on practice, KM is also equally important
in parts of the NHS which do not involve direct patient activity (e.g. policy and
planning).

14.3.4 The SECI Model ofKnowledge Management in the
National Health Service in Scotland

Nonaka and Toyama [6] have proposed the SECI model of KM building on the
concepts of tacit and explicit knowledge:

• Socialization-tacit to tacit transformation. This involves the interaction be
tween individuals within an environment, and includes sharing and creating
tacit knowledge through direct experience.

• Externalization-tacit to explicit transformation. This is described as articulating
tacit knowledge through dialogue and reflection. It is about "translating" tacit
knowledge. It may involve local codification of knowledge.
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TABLE 14.3. General examples of applying SECI model to the NHSiS.

General example

Socialization Sharingof tacitknowledge withinclinical teams-in the process of caring
Externalization Moreformal exchange of tacitknowledge withinclinical teams,whichmayinvolve

somecodification. Forexample, writinga localpolicyor procedure
Combination A literature review whereknowledge froma rangeof sources is gathered and inter

preted
Internalization Reading and usinga newguideline or protoc~1

• Combination--explicit to explicittransformation. This is describedas systemiz
ingandapplyingexplicitknowledge and information, characterized bygathering
and integrating explicit knowledge and information, transferring and diffusing
explicit knowledge, and editing explicitknowledge

• Internalization--explicit to tacit transformation. This is definedas.learning and
acquiringnewtacit knowledge in practice,characterized by embodyingexplicit
knowledge throughaction and practice,using simulation and experiments.

To apply the SECI model, the NHSiS gives the general examples shown in
Table 14.3; there are many more.

In terms of the Scottish Health Information Environment described in "From
knowing to doing" [1] the model seems to be one largely based on local tacit
knowledge, and sharing of this, with the support functions being targetedon the
management of explicit knowledge. Further work is required in looking at how
local externalization can be developed and used to informthe development of the
overall information environment. This again relates to culture in some ways, as
there is a better understanding and acceptance of explicit knowledge as a central,
remote form of knowledge than as a form of local knowledge.

14.4 Case Study: The National Patient Pathways Project

The purpose of National Patient Pathways project [7] was to provide evidence
basedbest-practice recommendations for the appropriate referralof patientsfrom
general practice to specialistoutpatientcare and appropriate follow-up care. The
National PatientPathways havebeen developed by the NHSiSwith the assistance
of the ScottishIntercollegiate Guidelines Network(SIGN)and the CCI.

A numberof steps have been outlined in the pathwaydevelopment process:

• recruitmultidisciplinary andgeographically representative topic-specific group;
• hold firstgroup meetingto agree remit;
• conduct literaturesearchesand identify-existing material;
• assess quality of the literature;
• completeevidencetables;
• draft pathways;
• consult;
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• pilot;
• finalize pathways;
• support implementation.

Each step can be seen as demonstrating attributes of the SECI model:

• The recruitment to the group and meeting of the group may be described as so
cialization. The exchange of information is largely tacit-to-tacit exchange. There
may be some externalization through the writing of minutes and the development
of planning documents.

• Literature searches and assessment of the quality of literature are about internal
ization and combination, within the individual reviewer.

• The evidence tables and draft pathways produced involve the generation of ex
plicit knowledge from tacit knowledge, i.e. externalization. Consultation in
volves some internalization and combination. Piloting involves socialization.

• The finalization of pathways involves feedback from piloting and consulting,
the tacit knowledge of which needs ultimately to modify the explicit knowledge
held within the pathways.

Ultimately what is produced (the pathway) constitutes explicit knowledge, and
a distillation of the explicit and related tacit knowledge that has gone into its de
velopment. The final stage is described as "support implementation." This imple
mentation phase will require a whole range of SECI processes to put the pathway
into practice.

The completed development of a set of pathways represents a success. Imple
mentation, however, is an issue, and is often recognized as the most difficult aspect
of guideline development.

The implementation phase includes the following stages (which can be consid
ered in terms of the KM literature, especially the SECI model):

1. Linking with other CCI projects (connecting processes).
2. Working with local healthcare professionals (engaging with people who are

intended to use the pathway, which, as a minimum, will include internalization
by this group).

3. Linking with electronic communication tools (technological aspects of KM).
4. Implementation through referral information/management services (again link

ing to existing systems).
5. Access educational and training support (means for facilitating internalization).
6. Form a support network and spread good practice (socialization).

Overall the approach to implementation has been fairly pragmatic and realistic,
with consideration and resource allocation to this phase built in from the beginning.
Also, the implementation process has been based on the best available evidence
for this from the literature-a further example of a KM processes.

It is expected that local areas will adapt and adopt these pathways. In effect,
it is recognized that SECI processes will be required within each implementation
area. One of the main ways of beginning the implementation process is through
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raising awareness. It is recognized that much of the transferof knowledge will be
tacit-tacit, socialization, throughexistingstructures: redesignprojects,existingre
ferralmanagement initiatives, managedclinicalnetworks, andclinicalgovernance
structures. However, it isalsorecognized thata multifaceted approachtoawareness
raising is likely to be beneficial, e.g. using a range of media and methods, each
with SECI elements within.

An alternative approach for exploring implementation in local areas is to con
sider what is needed in terms of models from the KM literature, namely people,
structure,and technologies:

• People. Staff with an awareness of the pathway and appropriate skills and at
titudes; patients who are likely to have a positive attitude to pathways, and a
willingness to comply.

• Structure. An appropriate environment and culturefor the implementation of the
pathway, and sufficient general systems in place to allowit to work.

• Technologies. For example, software which will allow trackingagainst a path
way, and/ or automatically generate letters,etc.

In particular, the specific processesare likely to be important:

• Identification or creation. Identification, i.e, people at the local level will have
to be awareof the pathway, its contents, and supporting evidence.

• Acquisition. Peoplewill need to knowhow to obtainthe material (i.e,download
from the CCI Website), but also where to go for support,etc.

• Retention. Presumably there will be a need for some form of retention locally.
This may varyfrom printingout the material and stickingon the wallor keeping
nearby, to creatingelectronicfilesor even patient databases.

• Utilization. This will requireall the aboveto be in place, but also the motivation
of staff to use the pathway, based on feedback on patient care or other aspects,
or some other rewardstructure.

• Sharing. Aspects of the utilization of the pathway itself require the sharing of
information. More importantly, the experiences of staff using the pathwayneed
to be shared locally and more widely in order to build up knowledge on the
utilization of the pathway.

• Measurement. Some form of local measurement needs to be built in, in order
to provide feedback on the use of the pathway, and improvements in patient
outcomes, locally and more widely.

14.4.1 Reflection on the National Patient Pathways/rom
a Knowledge Management Perspective

Much of the process detailed relates well to the KM theory, especially the SECI
model.Most of the explicit-implicit transformations are clear.However, the links
between the consultation and piloting phases and the finalization of the pathway
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were indistinct in the National Patient Pathways process, and could be explored
further, i.e. by what process exactly is this internalization, combination, external
izationprocessactuallycarriedout?Overall,to be explicitabout the relevantSECI
stages/processes within future projects is likely to be useful.

Ideally, the learning from this project will be collected and shared, for it has
producedknowledge in itself.A furtherissuerelatingto this is research: a meansof
generatingknowledge. Ideally, this projectwouldhaveincludeda related research
program.

Local implementation of the pathwaysis a KM issue in itself, and likelyto vary
between local areas dependingon circumstances.

Evaluation is a further issue. The originalSIGN methodology [8] that the path
way development process is based on has a further stage of audit and review. This
needs to beconsidered, and it may be takenforward throughlocalareas.Auditand
reviewwouldprovideevidenceregardingthe successof theprojectbeyondsimply
providing a pathway, to see whether they had ultimately been used, and whether
this had madea differenceto the patient/client. Ultimately, KM initiatives need to
have an impact on organizational goals that is demonstrable.

14.5 Conclusions

In thischapterwe haveprovidedsomeinsightinto the NHSiSfroma KMperspec
tive.We believethat significant advances havebeen made in terms of introducing
KM as a concept to the NHSiS,buildingon libraryservicesto givea broader view
of knowledge and its use. We have reviewed our KM strategyagainst some of the
existing theories of KM, and given an example of KM in action, in the form of a
case study on patient pathways.

Some of the issues that have been identified for future work are:

• Addressing 'softer' issuesofculturein thecontextof technological advancement.
• Consideringnonclinical domainsof the NHS whichalso needa KMperspective.
• The linksbetweennationaldevelopment projects,and local implementation, and

the potential for the use of KM frameworks in this.
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Knowledge Management for Primary
Healthcare Services

ALAN EARDLEY AND ALEX CZERWINSKI

Abstract

This chapter looks at some of the issues of knowledge management in the UK's
National Health Service and in healthcare in general. An examination of some of
the concepts of knowledge and of knowledge management is carried out, includ
ing knowledge management tools, systems, and strategies. The characteristics of
healthcare organizations are examined and it is concluded that the National Health
Service relies on knowledge and would benefit from the effective application of
knowledge management. A number of knowledge management initiatives (i.e, the
National Electronic Library for Health and the Map of MedicineTM) are examined.
The current approach to knowledge management in the National Health Service
is reviewed and recommendations are made for promoting "best practice" in the
organization.

15.1 Introduction

The UK's National Health Service (NHS) employs over 1.2 million people, work
ing in 28 strategic health authorities (SHAs), which in tum manage 276 hospital
trusts and 302 primary care trusts. As one of the largest identifiable government
funded bodies in the UK, it is not surprising that the NHS has taken on board
wide-scale application of computer-based information systems in virtually every
aspect of its service provision. Until 7 years ago, however, there was little evidence
of an overall strategic element to its policy. More recently, public and government
pressure to improve services has led to critical examination of health service infor
mation standards (DOH CMO, 1998). This led to the establishment of the National
Heath Service Information Authority (NHSIA) in 1999. The remit of this body
is to deliver a set of national information technology (IT) services for the health
service and its patients. A national program is now under way with the aim of
revolutionizing the way health service information is handled.

The National Programme for IT (NPIT), which is being delivered by the new
Department of Health (DoH) agency "NHS Connecting for Health" (NHSCH),
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is charged with "bringing modem computer systems into the NHS which will
improvepatientcareandservices"[1].Overthenext 10years,theNPITis intended
to connectover30,000"first-line"generalpractitioners (GPs)in the UK to almost
300hospitalsemploying over100,000doctors,380,000nursesand50,000assorted
healthcareprofessionals. In doing so, it will benefitmore than 50 millionpatients,
transforming NHS businessprocessesas well as structures.

This strategy is based on the foundation of a standardized IT infrastructure al
lowingcommonhealthcareapplications to be"rolledout" as an integrated national
project.NHSCHaimsto overcomelong-standing problems,including "lost medi
cal records,inconvenient appointments, andrepeatedjourneystohospital"[1].The
IT infrastructure is intendedto linka numberof disparate"islands of automation,"
including the following importanthealthcareIT applications:

• the NHS patient care records spine (NHS CRS);
• the electronic transmission of prescriptions (ETP) system;
• a newlyestablishednationalbroadbandnetworkfor IT in the NHS (N3)
• picture archiving and communication systems(PACS);
• an on-lineappointment bookingservice"Choose and Book."

In addition, a number of management and administrational applications (e.g.
QualityManagement and AnalysisSystem (QMAS)) are integratedinto the pro
gram.Itcanbearguedthatthisischaracteristic ofthe"problem-centric"approaches
to IT system and infrastructure design that may have typified large govemment
backedIT projectsin the UK.Theconcentration appearsto beondataand informa
tion in the form of facts (e.g. patientcare histories),events (e.g. clinical episodes
and appointments) and transactions (e.g. IT-supported GP payments). For more
information ontheNHSproject,thereadercan refer toNHSstrategicplan[NHSIA
2002].The background to the firstNHS prototypes can be seen withinthe context
of the Electronic RecordsDevelopment and Implementation Programme (ERDIP)
work,which lookedat performing an initialevaluation of the role of IT withinthe
health service.Primaryhealthcare [47].

It is understandable that the NPIT intends to solve immediatepatient problems
suchas "missingfiles,scansand x-rays"andneeds to "reduce form filling"so that
"basic information will not have to be repeatedly recorded every time a patient
enters the NHS system" [1]. It cannot be doubted that solving these immediate
problemsand providing theseadvantages willmakethe NHS administration more
efficient, andpatientcaremoreeffective throughonline"customerfacing"systems
suchas"ChooseandBook."Thereare, therefore, fourmainstrandsor themesto the
servicesbeing deliveredto these professions by the organization as the "National
ServiceDelivery"to supportknowledge work.These strandsare as follows:

• The "information infrastructure" strand, which will provide connectivity and
support all of the commonapplications.

• The electronicpatient record and electronichealth recordprovision, which will
manage and maintain the data on which many administration and healthcare
applications can be based.
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• The "key service stream" establishing "health informatics" as a recognized pro
fession within the NHS to encourage both IT and non-IT staff at various levels
in NHS trusts to promote the use of computing and IT in all parts of the NHS.

• The "information, knowledge and management services" provision, which can be
seen in some ways as a "late addition" to the NPIT, but which is being promoted
as away of improving clinical practice within the NHS. This "fourth strand,"
therefore, is of particular importance to the NHS as a "knowledge organization,"
and providing support to the front-line healthcare professionals (rather than just
the supporting administrators) should, therefore, be a high priority with the
NPIT.

It is contended in this chapter that, because of the characteristics of the NHS, it
is important for NPIT to develop IT applications that are useful and supportive of
healthcare in the wider sense. It is possible that the IT applications that were orig
inally being promoted by the NPIT may have focused too much on administration
and support activities, rather than on the "core businesses" of healthcare, which is
usually the province of the nursing and medical professions. There is a growing
body of evidence that the importance of knowledge management (KM) in the NHS
is recognized by an important and influential "community of practice" [2].

15.2 The Case for Knowledge Management

KM in the NHS has a considerable pedigree. The UK Government started the
Knowledge Network as a pilot project in the DoH in 1997 when a briefing system
was developed to bring together information into a common repository. Given this
early date (KM was not a well-developed discipline at the time), it is perhaps not
surprising that the IT tools were not originally intended for application in KM,
but would today be considered as "content management" tools. A project manager
within the KM events team points out that [3]:

To be honest, in the beginning we did not think of the system as a knowledge management
system but rather as a tool that helped us to do our jobs better. It was only after the event
that someone pointed out that we actually had a model KM system.

This approach implies an approach to KM that is less than strategic, perhaps
containing elements of bricolage or "development by experiment" that seems to
have characterized the early days of strategic IT applications in business [4].

The NHS is a classic example of a "knowledge organization" that. contains
specialist and general "communities of practice" [2] in which "knowledge workers"
carry out their professional activit.ies.Communities of practice (CoPs) are "groups
of people who interact on an ongoing basis to discuss a shared, specific interest" or
who "share a concern, a set of problems, or a passion about a topic and who deepen
their knowledge and expertise on an ongoing basis" [5]. This clearly describes
healthcare pract.itioners at a number of levels and is very relevant to both the
development and the dissemination of knowledge in a wide range of healthcare
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domains. This topic will, therefore, be explored in more depth later in the chapter.
The topic ofknowledge work and the knowledge worker are also of great relevance
to healthcare. To understand the role of the knowledge workers is to understand
many of the issues that have developed around professions in the NHS, even though
the term may have originated in a business context. "The term 'knowledge worker'
was coined by Peter Drucker ... to describe someone who adds value by processing
existing information to create new information which could be used to define and
solve problems" [3].

15.3 Knowledge Management as a Concept

Knowledge is classically defined as, "A fluid mix of framed experience, values,
contextual information and expert insight that provides a framework for evaluating
and incorporating new experiences and information" [6]. This implies that knowl
edge can develop and expand in relation to experience, have value in relation to the
context in which it is used, and be flexible in its application. It is contended that
healthcare knowledge is typical of this definition. The NHS is a knowledge-rich,
knowledge-dependent organization. Further, there are several types of knowledge
that are relevant to the medical domain.

First, there can be tacit knowledge [7], which is equivalent to "know-how," is
related to the use of experience to take action in a particular context, and is of
ten difficult to communicate, but can be learned. Second, there can be explicit
knowledge, which is equivalent to "knowing what" and is capable of being rep
resented in a codified form (e.g. a practice manual) and can be communicated,
taught, and shared with others. There are also levels of knowledge, as knowledge
can be embodied in individuals (e.g. medical specialists), in groups (e.g. CoPs),
and in organizations (e.g. hospitals). Knowledge at the various levels is related
through a fluid process that transforms knowledge from one type to another as it
moves between levels. Also, each CoP will have its own specialist vocabulary of
knowledge that will enable knowledge transfer within the group, but which can
inhibit communication across group boundaries [5].

These are generally regarded as the attributes of a "body of knowledge," in this
case applied to professions in an organization. These professions contain specialists
who have one thing in common, i.e. they all undertake "knowledge work" and,
therefore, are involved in the domain of KM. The healthcare professions tend to
exhibit features such as:

• An ontology. Gruber [9] calls this a "specification of a conceptualisation or de
scription of the concepts and relationships that exist for an agent or a community
of agents" (e.g. doctors or nurses) or "a shared and common understanding of
some domain that can be communicated across people and computers" [10] for
the purpose of enabling knowledge sharing and reuse. This equates with the
shared concepts and definitions that allow and enable the communication of
knowledge to take place both within and between CoPs.
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• An epistemology. Practically, this translates into the issues of scientific method
ology that inform a knowledge domain. In medicine and healthcare it equates
to the "process of knowing" [11] by which knowledge is acquired, organized,
refined, and distributed to the benefit of the knowledge users and recipients
[10]. This clearly equates with the extensive education and training that such
professions undergo and the continued professional development.

There is broad agreement in the literature as to the definition of the KM pro
cess. According to one of the most frequently cited sources, the KM process is,
"The systematic process of identifying, capturing and transferring information
and knowledge (that) people can use to create, compete and improve" [12]. Al
ternatively, the KM process is defined as, "The systematic and organizationally
specified process for acquiring, organizing and communicating (the) knowledge
of employees so that other employees may make use of it to be more effective in
their work" [13]. Both definitions stress the systematic nature of the phenomenon
and agree on the essential nature of the process. The main difference in these defi
nitions is that the former stresses the differential or competitive benefits of the use
of KM, while the latter emphasizes the benefits of effectiveness. It would seem
that the second definition (i.e. KM for work effectiveness) has more to offer for
healthcare in the NHS, so this definition will be used in this work.

15.4 Knowledge Management Systems

It has been pointed out that, "Knowledge management is not a product in itself,
or a solution that organizations can buy off the shelf or assemble from various
components" [14]. Also, the KM process cannot be established instantaneously,
but for most purposes must be built up over time. Further, it is linked to personal
relationships and informal communications and processes as much as it is to for
mal organizational structures and technologies [6]. Four stages or phases can be
identified in the KM process [14]:

• Knowledge gathering. The knowledge artifact is identified acquired and col
lected, possibly involving procedural or technical support (e.g. a learning or
teaching process or the use of a search engine or online information source).

• Knowledge organization and structuring. The knowledge artifacts are codified
and structured to enable them to be managed and to improve the effectiveness
of the other stages or phases.

• Knowledge refinement. The knowledge artifacts are corrected and improved,
updated, and deleted.

• Knowledge dissemination. The knowledge is represented in an appropriate form
and distributed to the knowledge users in an appropriate and useful form.

To achieve its optimum efficiency, the KM process in a typical organization will
be supported by an appropriate KM system, which will be based on processes and
technology. It is possible to distinguish between two broad types of KM system:
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horizontal and vertical. Horizontal KM systems provide generalized or infrastruc
tural support across organizational and process boundaries and can be applied to
a variety of knowledge applications. A variety of "horizontal" IT applications are
available in industry, including BackWeb, Wincite, and KnowledgeX [15], and
there are a variety of knowledge portals. By contrast, vertical KM systems are
intended to be applied to one domain of knowledge and are specific to one type of
situation.

This type ofKM system is often developed "in house" from existing information
applications and is generally highly effective in the area in which it is applied (e.g.
a particular CoP), but it may contain features that make it difficult to apply to other
areas of knowledge and, therefore, may restrict its ability to provide "engagement"
with other specialist areas or CoPs [8]. To ensure that the healthcare organization
gains maximum benefit from its knowledge network system or systems, therefore,
it is important that it follows a KM strategy.

15.5 Knowledge Management Strategies

To be effective, the organizational unit needs to have a KM strategy in place. KM
strategies can be divided into two broad categories: "personalized" and "codified"
[16]. A personalized KM strategy relates to the tacit type of knowledge and it
is recognized that the KM process will tend to be based on direct, informal, and
interpersonal communication. A codified strategy applies to the explicit type of
knowledge and assumes that knowledge can be represented as artifacts that can be
processed formally (e.g. stored in databases and represented in documents). This
view of KM strategy may be oversimplistic compared with the complexity of the
concept of knowledge, as the total knowledge base of a CoP or organization will
almost certainly be represented by both types of knowledge, making it impossible
to concentrate on one class of strategy. An alternative view is that the choice of KM
strategy depends on the sum of a specific range of problems based on the uncer
tainty, ambiguity, or complexity of the CoP's or the organization's KM process [17].

15.6 Knowledge Management in the National Health
Service

Perhaps the original vision for KM in the NHS came in 1997 with the publication
of the report "The new NHS-modern, dependable" that promoted various infor
mation services for patients and staff that would use the then-new Internet-based
technology. These include NHS Direct, NHSnet and Book and Choose, as well as
the use of the World-Wide Web "to provide knowledge about health, illness and
best treatment practice to the general public" [18]. This was followed by several
initiatives that sought to raise the profile of information services and IT in sup
port of healthcare, resulting in the 1998 reports "Our information age" [19] and
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"Information for health" [20], which together contained the outline NHS informa
tion strategy outlining a program of modernization based on better access, storage,
and distribution of information. Although not directly related to KM, it can be
argued that these developments were necessary precursors to the KM initiatives
that were to follow. The first of these was probably the proposal contained in "A
first class service: quality in the new NHS" in 1998, which suggested a frame
work for quality in clinical governance based on the support of KM systems [21].
The first reports containing concrete proposals for KM systems were published 2
years later. These were "R&D for a first class service" [22f and "An organisation
with a memory" [23], which proposed the development of new KM systems that
would enable clinicians to access scientific advancements and research findings
and made the case for KM systems to disseminate tacit knowledge and the results
of experience. These initiatives were followed by "Working together, learning to
gether" in 2001, which proposed a framework of learning strategies to maximize
the use of knowledge assets in a variety of healthcare applications, and proposed
the establishment of the NHS University.

The suggestions and proposals that were put forward in these reports and "white
papers" led to a range of important knowledge initiatives, including NBS UK, NHS
Direct Online, the National Electronic Library for Health (NeLH), and the Con
nections database developed by the NHS Modernisation Agency. These initiatives
were later brought under the control of the National Knowledge Service (NKS),
which was formed to combine and coordinate the growing number of national
agencies and providers of information and knowledge to provide "... a common
core of evidence-based health knowledge delivered by a single integrated knowl
edge service ... by fully integrating the development ofNHS knowledge systems"
[24]. The NKS project, which is funded by the DoH, includes the following:

• An analysis and definition of the knowledge needs of clinicians and patients in
a variety of health services.

• The creation of knowledge resources and knowledge artifacts, which are either
created "in-house" or outsourced to specification.

• The implementation or delivery of those knowledge resources and knowledge
artifacts using approved technologies to agreed standards.

• The development of knowledge skills and practices at an organizational level to
use those resources effectively.

• The active promotion of the NKS to foster and spread good practice and encour
age the development of local KM strategies [24].

It was recognized that the sheer size of the NHS is likely to create problems in
promoting KM. Initiatives tend to be successful on a local rather than global scale,
and the implementation of the KM strategy is "... in pockets rather than across
the board" [24]. Clearly, the challenge is to adopt a KM strategy that" avoids
a postcode lottery in terms of good knowledge management practice to strike
a balance between national coherence and local creativity" [24]. The danger of
focusing on vertical (i.e. narrowly based) KM systems that focus on clinical and
evidence-based medicine is also recognized by the need to keep in view other



208 A. Eardley and A. Czerwinski

domains of knowledge and develop horizontal (i.e, generic) KM systems. This
is important in recognizing the importance of the "customer service" aspect of
healthcare, which is an important part of the NHS modernization program: "the
biggest healthcare project in the world" [24].

15.7 Responsibility for Knowledge Management
Strategy

The responsibilityfor theoveralldirectionof the KM strategyin NHStrusts isbeing
devolved to local organizations, in theory to allow"... local choice consistent with
a nationally integrated service" [24], as was first proposed in 2001 in "Shifting the
balance of power" [25]. This important document in effect served to consolidate
the previous initiativesby placing the DoH in a position where it provides national
leadership, sets national guidelines, and undertakes some central procurement (i.e.
"the strategy"), while the implementation of KM initiatives and projects is carried
out at local level, overseen by SHAs (i.e, "the policies"). The DoH is a member
of the UK Government's Knowledge Network, which is overseen directly by the
office of the e-Envoy. The DoH has a KM strategy founded on three components,
i.e, people, processes, and technology, with four key components: people and
change, leadership and accountability,content and processes, and information and
technical infrastructure.This strategy is based on two basic precepts, expressed in
a singularly informal manner:

• Recognizing the ways in which you/we/they are doing it (knowledge manage
ment) already, e.g. through the use of e-mail, shared document drives, desktop
access to information and knowledge bases, the departmental intranet, online
staff directories meetings, seminars, informal chats at the coffee machine, etc.

• Building on this by doing it better, e.g. by improving access to information and
"joining up" information assets, providing training and guidance, piloting new
ways to capture and share knowledge, etc. [24].

Two of the most important "national initiatives" in support of the KM strategy
that are in various stages of development in the UK are described in Section 15.8
(namely the NeLH) and Section 15.9 (namely the Map of Medicine").

15.8 The National Electronic Library for Health

The NeLH was founded in 1998by Sir Muir Grey,who receivedrecognitionfor his
commitment to knowledge management and his input to the NPIT in the Queen's
Birthday Honours List in 2005. Reference [26] states that "... knowledge is the
enemy of disease and it is only through the work we are doing (at NHS Connecting
for Health) that wecan tum knowledgeinto action."Sir Muir wenton to becomethe
Director of NeLH and Programme Director of the National Screening Committee.



15.Knowledge Management for Primary Healthcare Services 209

This view, coming from such an eminent clinician, is unequivocal in its support for
KM within the NPIT. Further, at a meeting of the NPIT National Clinical Advisory
Board (NCAB) in January 2004, a presentation was given on "Knowledge-the
enemy ofdisease" [11], in which the importance ofKM and the differences between
knowledge support and decision support were discussed. An appeal was made for
representatives from each of the organizations represented on NCAB who are
"interested in knowledge and decision support" to examine potential applications
ofdecision support in a KM context [11, p. 3]. From initiatives such as these and the
influence of medical practitioners within the NHS on the NPIT, some interesting
and important KM applications have been developed and are already in use.

Writing in 2003, Anne Brice, the Specialist Libraries Development Co-ordinator
for the NeLH, points out that "The application ofthe knowledge we already possess
has greater potential to improve the health of patients than any drug or technology
likely to be developed in the next decade" [27]. Sir Muir Gray identified that knowl
edge resources were not being used effectively, and such medical knowledge that
was available outside its immediate domain was often not made available nation
ally where it was needed. The types of knowledge that are needed by clinicians and
patients are knowledge from research, knowledge from data, and knowledge from
experience [27]. The NeLH gives specific advice to NHS professionals, describ
ing the KM process as "... the activities or initiatives you put into place to enable
and facilitate the creation, sharing and use of knowledge for the benefit of your
organisation" [28]. The NeLH was aimed to contribute to health and healthcare in
the UK by providing users with the opportunity to become actively involved in the
development and integration of systems enabling them to access to high-quality
information to support local decision making [29]. The NeLH was seen as being
critical to the successful delivery of the modernization agenda and was envisaged
as having an important role in the "patient' empowerment" agenda of the NKS,
which sought to develop an integrated approach to quality management which
sought to address specific problems related to pediatric surgery [30].

The NeLH project soon recognized that research and knowledge needed to be
"mobilized and localized" to cross the divide between the existence of knowledge
and its practical use, and that time (to be spent in research) was the most critical
constraint in making this happen. The balance between the need for information
(and, therefore, knowledge) and the ability of the practitioners to access such in
formation was very unequal. A study showed that practitioners in a "traditional"
clinical setting needed to obtain important (i.e, non-routine) medical information
about various patients up to 60 times in the average week (on average, twice for
every two patients examined) and that the use of the knowledge gained from this
information could have a significant effect on eight medical decisions every day.
The research shows that the necessary information was obtained successfully in
approximately 30% of cases, and that much of the information is from informal
sources (e.g. colleagues' opinions), obsolete (e.g. out-of-date textbooks), or un
qualified (e.g. biased or inaccurate primary research sources) [31]. An interesting
comparison is made in a later study (but still in a similar environment) with the
amount of time that clinicians had to obtain the necessary information [32].
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In fact, there seemed to be an inverse relationship between the levelof impor
tance of the medical decision and the access to information that was required to
support it. Medical students (who, it may be assumed, need comparatively basic
medicalknowledge) mightspend60 minper weekreadingmedicaljournals,while
house officers did not spend any time at all acquiring/accessing such knowledge
sources. Time was not the only constrainthighlighted in the study on the practi
tioner's ability to acquire useful knowledge. The indiscriminate proliferation of
information that is offered to healthcare professionals may have restricted their
ability to use it effectively [33], as practitioners during 1998weresent an average
of almost 23 kg of medical guidelines, and more than eight sources of medical
advice from the DoH and NHS. Other studies show that some practitioners spent
more time in a typical weekdrivingthan reading [34].The other major restriction
on the acquisition of knowledge was poor IT literacy, which was identified in re
search carried out at approximately the same time involving community nurses,
in which 60% had experienced a specific need for clinical information during the
6-monthperiodof the study,butonly6%had succeededin obtainingthe necessary
information from a specialistnursingdatabase [34].

"Information for health" [20] specified that the design, development, and im
plementation of the NeLH should be undertaken by a partnership of healthcare
professionals and IT and libraryprofessionals-in effect a CoP [2].The construc
tionof the NeLHwasbasedon a processthat firstrequiresthecreationof specialist
libraries(SLs;originallytermedvirtualbranch libraries), each of whichservicesa
CoPwithspecialistknowledge, eachbasedon one of threetypesof specialism: de
mographic grouping(e.g.pediatricor geriatricmedicine), healthcareactivity(e.g.
primarycare or publichealth),and diseasegrouping(basedon the MeSHsystem)
[27].Each SL is a dedicatedrepository withthe primarytask of organizing a com
mon knowledge core. It is managedby leadinghealthcareprofessionals (both the
producersand consumers of knowledge) and is maintainedby accreditedNHS IT
specialists. Thisknowledge is integrated intodatabasesofcarepathways, a "search
engine" for medicalguidelines, and"informationzonesto supportkeyNHSprior
ities" [27].The SL management teams identify ways in which information needs
can be met, identifygaps in the knowledge, anddevelopnewknowledge resources
according to recognized quality standards. The SLs integratethe following types
of knowledge:

• Researchknowledge containingrefereedand systematically updatedreviews of
the effectiveness of treatments, drawn from sources such as Clinical Evidence,
the CochraneLibrary, and the NationalInstitute for ClinicalExcellence.

• Experiential knowledge derived from good practice and service improvement
guides and communications from the NHS Modernisation Agency.

• Empirical intelligence of practiceand treatmenteffectiveness, such as that pro
vided by the Public Health Observatory.

Theeffectiveness of the IT componentof theNeLHprogramin supporting CoPs
was evaluated in a study undertaken in 2002 by the University of Aberystwyth,
which sought to place NHS CoPs according to four development stages:
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• Potential for connecting specialists into a CoP. Activities at this stage include
engaging SL stakeholders, establishing reference groups, and liaising with other
CoPs and the NeLH core team.

• Building the CoP based on sharing experiences, developing stories, and case
studies, establishing a common vocabulary and identifying resources in the do
main that may be added to the SL.

• Engaged in access to knowledge and learning by CoP members. At this stage the
accent will be on "outreach," offering support to CoP members and involving
stakeholders in contributing to the SL.

• Active in operating and maintaining the CoP and the SL for "real-world" appli
cations, such as treatment planning and benchmarking.

The characteristics of each of the above stages were compared with the objectives
that were specified in the SL development plans and the CoP was placed in one of
the stages according to its characteristics. The report found that few of the CoP SL
"teams" had reached the "active" stage (i.e. were fully functional), a significant
number were at the "engaged" stage. Many more were at the "building" stage and
all had passed the "potential" stage [27]. The study identified some key result areas
that should beconsidered if CoPs are to develop and remain viable in supporting
SLs. These include the following:

• Promoting stakeholder involvement through the involvement of a variety of
collaborative frameworks and models of sponsorship and extended partnership.
The development of collaborative procedures to unite stakeholder organizations
is a core competence of SL teams [35].

• Establishing a "community of networks" by linking individual centers of ex
cellence and expertise (i.e. other SLs and CoPs) as a basis for building further
cooperation between specialists.

• Developing a support program for training and development in the technical
aspects of KM (e.g. research methods, IT and communication, and knowledge
elicitation and representation) to maximize the quality and utility of the knowl
edge base [35].

• Building a flexible technical platform (it may be implied that this is a form of
portal) [36] that presents information from different sources (internal and external
to the SL) in a way that is transparent to the user (or "knowledge worker").

• Ensuring rapid and "on demand" presentation of information in "24/7" mode
(i.e, continuous service) that "reflects the rhythm of the workplace" [27] and
presents information at an appropriate level of detail for its clinical purpose.

• Arriving at an appropriate combination ofthe type of knowledge (e.g. knowledge
from experience and knowledge from research) and the balance of quality and
timeliness of knowledge (i.e. "best current knowledge") derived from the SL.

It is not stated, but it may be implied that clinical KM systems are more broadly
effective when the contents are shared with patients. The NeLH is completely open
to patients and the public, working closely with NHS Direct Online in involving
both these groups in CoPs [37].
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15.9 The Map of MedicineTM

The Map of Medicine™ is described by its creators as "a fast intuitive, easy
to-use support tool that is reflective of the way clinicians think" and "a vi
sual representation of specialist knowledge enabling clinicians to use the ex
act information required to help patients along their journey within the NHS"
(www.mapofmedicine.co.uk).Inotherwords.itis a decision-support system based
on "clinical processes" or items of medical information that are hyperlinked in a
way that can be used to represent knowledge in support of the decision-making
process. The interface is designed to allow clinicians to navigate through over
300 possible "patient journeys" to find the relevant information that will advise
them on patient treatment. The map includes patient journeys in areas such as
accident and emergency, internal medicine, obstetrics, gynecology, and oncology.
Examples of journeys or pathways are shown with a demonstration on the NHS
Library for Health Website [38]. It is noticeable that the map was developed as
a result of a medical initiative by Dr Owen Epstein and more than 300 doctors
and nurses in the Royal Free Hospital and University College Medical Schools,
the Royal Free Hampstead NHS Trust and the NHS National Library for Health.
The software is the intellectual property of Medic-to-Medic, a subsidiary company
of UCL BioMedica PLC, a wholly owned investment fund of University College
London, which signed its first (local) contract with Fujitsu Services, one of the
NPITs local service providers (LSPs) in 2004 [12].

According to its originator, the stimulus to the development of the map was
the need to distribute existing knowledge more widely among practitioners and to
unite disparate knowledge elements within a standard framework [39]:

Imagine if every NHS clinician knew what all (the other) NHS clinicians know-the Map is
the electronic glue to bring local specialist knowledge together acting as a virtual "desktop
consultant" for healthcare professionals to use when the patient's journey leads them into
unfamiliar territory.

Trials conducted by the Royal Free Hospital into 13 general practices and its
own Accident and Emergency Department show positive results, demonstrating
[39]

that doctors (i.e, GPs) use the Map to support their decision-making, often after morning
surgery. Two thirds of them now use the Map on a regular basis and work in A&E shows
that the Map is improving decision making on admissions to hospital.

At the moment the map is being used in a localized area where it was developed,
but Medic-to-Medic are in discussions with other LSPs across the country with the
aim of making the map available nationally and to integrate it into the NPIT. Under
this program, Fujitsu will initially deploy the map across the south of England in
parallel with an upgrade of local NHS IT systems as part of the NPIT. According
to its Medical Director, Dr. Michael Stein, there are plans to introduce the Map
into the Canadian Health Service [48].
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15.10 The Current National Health Service Approach
to Knowledge Management

The NeLH recognizes that early approaches to KM had a strong focus on the
technology and on vendor-driven "knowledge management solutions" based on
IT. The role of IT as "a solution" (rather than an enabler) led to the abandonment
of some early KM projects or a lack of utility in their deliverables, leading to the
so-called "knowledge management graveyard" [40]. More recently, the approach
to the use of IT has been to recognize that KM is about the interaction of "people,
processes, and technology" and the use of IT to support KM in two ways:

• Organizing, storing, and accessing explicit knowledge in electronic libraries and
"best practice" databases.

• Connecting individuals and CoPs so that they can share tacit knowledge in a way
that overcomes time and location barriers through the use of forums, groupware,
and video-conferencing systems.

It is worth remarking that, until relatively recently, the characteristics of the tech
nology were more suited to explicit knowledge, i.e, to the storage and processing
of facts in the form of data and information relating to knowledge. This seems to
be at odds with opinions that up to 80% of an organization's knowledge (and this
possibly applies more to the NHS than most organizations) is in tacit form. Ap
propriately, more recent developments in technology (such as those which support
NeLH and the Map of Medicine™) are tending to focus more on communication
and collaboration processes than on storage and display [41]. Further, the impor
tance of aligning the KM technology closely with individual preferences in terms
of work practices and with organizational forms is generally recognized [42]. The
same source sets out a "rule of thumb" that the proportion of the organizational
investment in technology in terms of cost and effort should be less than 50% of
the investment in the total KM effort.

This is intended to show the importance of people, processes, and structure in
the KM effort, but also serves to focus the mind of nontechnical managers on the
importance of making the correct choices and decisions when using IT as a part of
the KM infrastructure in ensuring that it "adds value" by reducing "the cost, time
and effort needed for people to share knowledge and information" [40]. Without
going into specific detail about the individual proprietary IT packages, applications,
and techniques, the NHS strategic plan has identified and recommend the generic
tools, technologies, and techniques [40] on which the NHS KM infrastructure may
be based:

• Personal knowledge tools. These are technologies or techniques that are in
tended primarily for use by individuals in developing, augmenting, and storing
their personal "knowledge. base." In other words, they support the generic men
tal processes in which knowledge workers are involved. Such tools can in
clude: decision support tools, which may be graphical (e.g. decision trees and
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Ishikawadiagrams); statistical (e.g. quantitativeanalysis) or technologicaltools
(e.g. decision-supportsystems, intelligent knowledge-basedsystems, data min
ing tools, and intelligent agents); and electronic learning (e-Iearning) tools. On
line dictionaries and thesauri.and search engines (e.g. Google or Yahoo) and
portals (whichmay be customizedversionsof searchengines or speciallydesign
Internet applications) also fit into this category;

• .Connecting tools. These are processes or technologies that seek to promote the
objectives of "connecting people with people" or "providing a one-stop knowl
edge shop." Factors which need to be borne in mind when selecting connecting
tools include the "time factor" (i.e, whether the connection needs to take place
"in real time"), place (i.e, the location of the people to be connected), and the
importance of "social presence" (i.e. the importance of the personal presence
of those taking part in the communication). Tools in this category will be based
on the principles of universal access to information and ease of access and use.
They can involve synchronous or asynchronous communication modes. Such
tools could includesomethingso basic as electronicmail systems(e.g.Microsoft
Outlook), video-conferencing meetings (either from specializedstudios or from
the workstation),special-interestdiscussion boards or forums, and intranets and
extranets (Le. Internet technology restricted to a given interest group or part of
the organization);

• Collaborative tools. These allow people to work together in teams and enable
the sharing of tacit knowledge among those teams and beyond. They imply
tangible advantages (e.g. the saving of traveling time and subsistence costs) or
intangible advantages(e.g. enabling people to share tacit knowledgeand access
the knowledgeof remote experts and allowingpeople to work together in teams
irrespective of location or time factors). Such tools include groupware (e.g.
proprietary packages such as Lotus Notes and Microsoft Exchange), workflow
and project-support tools (which enable the modeling of joint work processes
and the sharing of documents), and virtual working tools (which can be used to
perform remote processes).This latter category is potentially important,as it can
involve tools that enable manual as well as intellectual tasks to be carried out
remotely (e.g. doctors in the US have performed surgical operations on patients
in Europe [40] by controlling robot arms over the Internet).

15.11 Recommendations for Best Practice

Clearly,there is considerablepotential for the use of such tools and technologiesin
supportofKM in NHShealthcarein general,and it is clear that the NeLHmanagers
are aware of that potential. There are, however, a number of specificproblems in
implementingsuch systemsand adoptingsuch tools in an organizationso largeand
so wide in scope as the NHS. It is importantthat certain factors need to be in place
if their implementation,"roll out," and use is to be effective in practice. Ensuring
that a healthcare organization is able to deploy these tools in support of a KM
strategy requires a complex interrelationshipbetween processes and structures. It



15. Knowledge Management for Primary Healthcare Services 215

is recommended that the following organizational and KM processes and structures
are considered and addressed.

15.11.1 Organizational Processes

This factor relates to the way people carry out their work and how they interact
with other actors in the "knowledge chain." The organization should consider the
extent to which there is scope of individuals to be innovative or creative in obtaining
access to knowledge, the degree to which the processes ofan organization are based
on rules or routine and the amount of time and opportunity that people have to
access and share knowledge in both formal and informal ways. Formal processes
of favor the promulgation of explicit knowledge, while informal processes are
often matched with tacit knowledge. It should be noted that he formalization of
processes is often a characteristic of healthcare organizations, whereas much of
the knowledge that is used in healthcare is of the tacit variety.

15.11.2 Organizational Structure

The organizational processes will be supported by an appropriate organizational
structure. This can include factors that typify an organization that is long estab
lished or has been created by amalgamating organization units into large conglom
erations. This would certainly include SHAs and NHS trusts. The organization
should examine the location and temporal factors that may promote or inhibit KM
processes. For instance, the relationship between the different departments or CoPs
should be noted. This relationship may favor competition rather than collaboration
where the departments are expected to compete for resources (e.g. for IT projects),
and some departments may be competing in terms ofa professional status based on
expertise. In such situations it can be difficult to promote the sharing ofknowledge.

A similar situation can apply where the organization has a very "traditional"
or a hierarchical structure. If there are many layers of line management and ad
ministrational staff (i.e, a long "chain of command"), then it can be more difficult
to implement KM principles than with flatter, more "functional" structures which
place expertise near the point at which knowledge is used.

15.11.3 Knowledge Management Processes

There is a clear relationship between the organizational processes and the organi
zational infrastructure. Both of these factors will need to be appropriate to support
the KM processes that will be needed in the organization. KM processes are those
that form the KM lifecycle, in other words the creation or acquisition ofnew knowl
edge, the organization and storage of knowledge which is in the organization, and
the sharing and usage of organizational knowledge for specific purposes. In order
to support KM processes, a number of factors have been identified by NeLH [40]:
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• There should be a KM strategy in place at the strategic business unit level. This
is are being encouraged throughout the NHS, at SHA and hospital trust level
[43].

• Organizations should conduct knowledge audits to identify knowledge needs
and knowledge resources and existing applications of and needs for knowledge.
Methods such as MaKE [44] have been suggested for this application.

• Specific attention should be given to establishing processes and events for
creating and acquiring "new" knowledge (i.e. new to the organization) through
training initiatives and collaborations.

• There should be encouragement for "connecting people to people" through
workshops, focus groups, and the establishment of CoPs.

• Formal KM processes should be supported by the use of KM tools (e.g.
"best-practice databases, content management tools, and knowledge portals).
The use of these tools should be encouraged through the use of mentoring and
peer assistance programs.

• Workers should be encouraged to think and work in a way that recognizes KM
practices in their day-to-day work, such as the use of log books, self-evaluation,
and "story-telling" sessions [45].

It is worth pointing out that some of these recommendations constitute existing
practices or "common sense." In fact, they are often examples of good practice
in organizational processes that are being applied to KM. They are simply being
considered from a new perspective and with a focus on knowledge. This can make
them more acceptable to workers who are suspicious of radical new concepts such
as KM. Unfortunately, recommendations for applying these KM processes cannot
be prescriptive: the "KM toolkit" [40] will depend on the organization processes
and structure relating to each healthcare unit.

15.11.4 Knowledge Management Infrastructure

The KM processes will need to be supported by an appropriate KM infrastructure in
the same way as the organizational processes use the organizational infrastructure.
Again, a set of principles or recommendations can be offered for consideration to
ensure that this match is effective. Some of these are as follows:

• Serious steps should be taken to ensure management "buy-in" and support for
KM processes. In principle, support for KM at a senior level is needed, but it may
not be enough on its own. The support of a wide range of managers across the
organization will be needed to ensure the effective identification and implemen
tation of KM processes. Therefore, as well as a "mission statement," steering
groups involving representatives from different functions will be needed to en
sure that people feel recognized and are involved in the communication chain;

• The ownership or "place" of KM in the organization should be defined. Is
sues such as responsibility for promoting and organizing KM initiatives and the
relationship between KM and other organizational issues and priorities need to
be considered. It has been observed in the NHS [40] that there may be too much
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emphasis on the technology at the expense oforganizational or personnel factors
ifKM is "placed" within IT. Conversely, if responsibility for KM is lodged within
a research faculty, then the development of new knowledge may take priority
over the reuse of existing knowledge.

• There should be a "core team" of KM managers, facilitators, and champions
which is aligned with the organizational structure. This KM function will be
responsible for initiating, coordinating, and monitoring the effectiveness of KM
initiatives throughout the organization. As with a number of the other factors
in the KM field, the structure (i.e. the number of "levels") and use of the core
team (Le. its responsibilities) will vary greatly between healthcare organizations,
according to their size and structure. It is worth pointing out that, as KM is by
definition a "functional" (rather than a line management) issue, the "management
overhead" for KM should be kept to the minimum to be effective. Most size
able organizations will need have a KM Director and a network of Knowledge
Managers.

• The organization should encourage experts to engage in the KM process, by
creating a network of KM knowledge "brokers," "facilitators," or "champions."
These are people who are in a position to aid the KM processes and to interact
efficiently with the organizational processes and structure. It may be possible to
identify people who are already undertaking this role (e.g. researchers, librarians,
Web-masters) even though they may not consider themselves to be involved in
KM. If an effective network of such people is not already in place, then it will
be necessary to recruit or train them.

• External contacts should be established and maintained. Such "networking"
initiatives are important, as healthcare knowledge is frequently more readily
available outside the organization than within it and because KM is a rapidly
evolving discipline. In this respect, the membership of professional bodies, atten
dance at conferences, and subscription to academic journals can be important.
Also, external consultants are often instrumental in implementing KM initia
tives, particularly where IT tools are involved. Clearly, this involves expense
(as well as effort) on the part of the organization. The healthcare organization
must consider its own individual characteristics and "tailor" a system to suit its
specific needs.

It is worth pointing out that the distinction between the various structures and
processes will become less distinct as KM becomes more integrated into the orga
nization.

15.12 Summary

The NHS is a large and diverse organization which has a complex range of dis
ciplines and practices and a variety of infrastructures and technologies. It is also
"knowledge rich" and takes part in many of the practices that are associated with
KM and has a noticeable emphasis on the existence of "bodies of knowledge and
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"CoPs."The NHS can, therefore, benefit from the latest KM practices and pro
cesses and from the tools and technologies that are being developed to support
them.There is clear evidence that the importance of KM is recognized within the
NHS, as many initiatives are in place and initiatives are being followed (e.g. the
Map of Medicine"). There is a wide range of guidance available to managers in
theformof Websitesandportalsandthrough theNeLH. Manyof theorganizations
and trusts that make up the NHS have implemented KM strategies and have put
into place organizational structures that are intendedto promoteKM.

Thereisevidence thatthisapproach isprovingtobeeffective, butKMisarapidly
evolving discipline, and organizations must be careful to keep up withchangesin
the field. It is possibleto identifykeyfactors thatcan improve the effectiveness of
KM in the NHS in four areas: organizational processes, organizational structure,
KM processes, and KM infrastructure. Recommendations for ensuring effective
ness in theseareas includeorganizational andpersonnel factors, as wellas the use
of technological tools.
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16
We Haven't Got a Plan, so What Can
Go Wrong? Where is the NBS
Coming from?

ANNETIE COPPER

Abstract

There is no getting away from the fact that the UK's National Health Service (NHS)
needs managing. However, it seems there is no word that sits more uncomfortably
than this one when it comes to the necessary business of administering the NHS.
There are a hundred-and-one ways to interpret the form and function of the NHS,
but one thing is for sure: it is an unsettled environment. There is a direct correla
tion between its perceived public health efficacy and the "reforms" instituted and
administered down the years, both nationally and locally; and for those who are
the administrators of the system, both front line and managerially, these reforms
come so thick and fast that it seems there is never an opportunity to consolidate
change.

At the apex of all this change are the political taskmasters devolving politics
straight into the NHS via the NHS strategic health authorities (SHAs). The SHAs
offer their vision for the future in their strategic frameworks, offering glimpses of
the future via policy interpretation.

However, more is needed beyond strategic frameworks and the increased use of
targeted performance measures to address the ills of the NHS.

There is one thing that will never change, whatever the future holds: people
make the NHS function. No matter how these relationships are as dictated in the
future, no matter how systemically the NHS changes, it will always need people to
make it function. The current political climate dictates that reform is a collection
point that beleaguered clinicians and managers need to gather around. The time
for clinicians and managers to argue whether they are playing on the same team is
over. The story is no longer the polemic of individual patient care versus resources
and productivity, but one of joint leadership and mutual dependence between
clinicians and managers. Taking a systems approach to handling this relationship
step change can help overcome the culturally habituated behaviors that have held
back the development of satisfying working relationships so far. Modeling these
relationships is easy, and they are the focus of this chapter; embedding them in the
belief that they are the only way to protect the dispensing of services in a locally
sensitive way is another story.
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16.1 Introduction

There are a hundred-and-one ways to interpret the form and function of the UK's
National Health Service (NHS), but one thing is for sure: it is an unsettled environ
ment. The current temperature of the NHS is running high. Constantly in a state
of "reform" incorporating the changes that are to be administered nationally and
locally, it can never settle down into a system of good practice comprehensively
understood across the service. It runs so hot all the time trying to incorporate
change that there is never a cooling-off period to consolidate change.

At the apex of all this change are the political taskmasters devolving politics
straight into the NHS via the NHS strategic health authorities (SHAs). The SHAs
offer their vision for the future in their strategic frameworks, offering glimpses
of the future via policy interpretation. A common example of this, and I use it
because it is atypical of the vision many SHAs have, is the Trent Strategic Health
Authority Strategic Framework 2005-10 [1]. The whole system approach based
on learning, innovation, and devolution is intended to be responsive to the needs of
staff to create a world-class workforce, to reduce inequality and to enable patients
to be treated according to need. Their focus is:

• improving equity
• putting the customer first
• expanding choice
• improving standards
• strengthening accountability.

Strategic frameworks are all well and good on paper; however, for so many
working in the NHS they just read like so much rhetoric. The problem is that
detailed system change is often modeled on pilot site results that cannot trans
late directly into local service delivery, as detailed replication is unpredictable in
a local setting. What really works has to be discovered through trying different
interventions that can be evaluated. Novel approaches need defining and work
ing out on a small scale initially, but how responsive are staff to experimenting
with patient delivery? Truthfully, many feel fixed to the spot dealing with policy
change delivering the NHS Improvement Plan and creating a patient-led NHS.
What emerges is a gap between what is outlined in policy documents, plans, and
frameworks and how they work out [2]. Redesign in healthcare then becomes a
battlefield. The change may be described in terms of whole-system solutions, but
the reality becomes a focus on line management and individual performances:
redesign becomes short-term milestones, and encouraging entrepreneurship and
innovative becomes "don't fail".

If this undercurrent is familiar to you, is there comfort to be found anywhere? Is
there a more objective means of determining effectiveness and efficiency across the
service? The NHS star rating system has offered the public a comparison between
hospitals and primary care trusts (PCTs) using a standard evaluation process. They
are also viewed as a benchmark for internal processes. The biggest question has
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to be whether the star rating system ultimately is an effective means of enhancing
patients' experiencd of the NHS. Although the star rating system is not the only
process used to measure performance, its results are published through the media
for public scrutiny. The Centre for Health Economics, University of York, recently
researched the impact of the star rating system in English acute hospitals [3]. There
were many positive hospital responses to the star ratings, including the alignment
of "internal performance management and reporting systems with key national
targets" [3, p. 21]. The negative responses included "evidence of tunnel vision
and a distortion of clinical priorities," reduced staff morale and public trust, and
"bullying and intimidation" [3, p. 20]. Although this report does not cover all
healthcare settings, there was one part of the report that could well describe the
experiences of all. Not surprisingly, the critical feedback was that star ratings fail to
take into consideration "local contingencies" and specific "mitigating factors that
might help explain variations in the measure performance of hospitals." Many of
these unique conditions are beyond the hospital's control; therefore, it is viewed as
unfair that this would not be taken into consideration when the rating is calculated.

16.2 Targets and Management

The point is that the increased use of targeted performance measures to monitor the
impact ofhealth service reforms is by no means the only panacea to the NHS ills. It
does, however, form an important component of the inevitable bundle of responses
needed to bring the NHS into line with levels ofefficiency and effectiveness that are
acceptable to objective formulae and critical observers. Currently, the Economic
and Social Research Council are conducting research examining the effectiveness
of targets currently used in the NHS to develop and analyze a number of alternative
performance measures. The project "Metrics, targets and performance: the case of
NHS Trusts" [4], ran from April 2005 to March 2006:

... the NHS as a whole has not yet been reformed. There are still important problems to be
solved and there is as yet no firm evidence to show that Labour's reforms have produced a
marked difference in health outcomes. While much of the improvement in the NHS ... has
been achieved through central fiat and targets, it is too early to predict whether the more
recently introduced tools to lever up performance-greater use of market incentives and
regulation-will achieve the desired outcome.

There is no getting away from the fact that the NHS needs managing. It seems
there is no word that sits more uncomfortably than this one when it comes to the
necessary business of administering the NHS. In terms of political involvement
and administering the future NHS, the government's idea of a more cohesive
management approach is [5]:

• To devolve more responsibilities to the NHS itself to take corporate decisions
and actions, e.g. through the SHAs working together to manage the NHS Bank
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or through the NHS Confederation taking on a new role as an employers' orga
nization.

• To move away from a system of departmental monitoring and regulation of
organizations, to one where responsibility sits with new inspectorates and the new
Office of the Independent Regulator for NHS Foundation Trusts, and developing
a system where incentives start to have an impact.

• To strengthen commissioning of services by PCTs to create a system of alterna
tive service providers within which patients can exercise individual choices and
where they have more control over their care.

• To develop new relationships between the Department of Health, theONHS, local
authorities and the new bodies-the Healthcare Commission, the Office of the
Independent Regulator for NHS Foundation Trusts, the Commission for Social
Care Inspection and National Institute for Clinical Excellence, and the Social
Care Institute for Excellence-which between them manage and shape the whole
system within which health and social care are delivered.

The key words here seem to be restructuring, devolution, incentives, and com
missioning. Cleary, the changes to the NHS are going to continue apace. Having
consolidated centrally to produce national standards, the government is now mov
ing into phase two. The future, as seen through the eyes of the politicians, has an
increasing emphasis on devolving decision making through partnership between
commissioners, service providers, and patients so that the point of delivery has
had all the necessary good-practice filters to ensure optimum care for the patient.
"The objective is to create a dynamic system where responsibilities and roles
increasingly gravitate to those best able to deliver them" [5].

16.3 The Clinician-Manager Relationship

There is a large publication list of literature addressing the current state and pro
jected future of the NHS, and there may be any number of policy, strategy, and
succession plans to be applied on a local level now and in the future. One thing that
will never change, whatever the future holds, is that people are needed to make the
NHS function; and no matter how these relationships are dictated in the future, no
matter how systemically the NHS changes, it will always need people to make it
function.

This reality is both the strength and the weakness of the NHS. The investment
and reform that is the signature of the NHS Plan requires people to make it work. It
sets an agenda addressing national standards, accountability and the diversification
of service providers and patient choice. These drivers seem to be the source for a
trend that has developed over time: the dysfunction between clinicians and man
agers. Healthcare delivery cannot function without them, so this discord cannot
be swept under the carpet. Organizational and structural issues can be prescribed
through policy and healthcare administration, but behavioral dynamics have to
be uncovered to be addressed. This is not to say that all clinician and manager
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relationships are somewhere on the bipolar continuum between strained polite
ness and outright relationship breakdown, but a culture seems to have evolved
around this relationship that has generated enough negative reporting to bea cause
for concern for the delivery of quality patient care [6].

The tensions are not beyond understanding. The occupational lives of managers
and clinicians can seem polarized, with managers focused on cost and efficiency
and clinicians on treatment efficacy and pushing back the boundaries of health
care. It can seem as though, year in year out, different managers are paraded in
front of the same clinicians as if on a conveyer belt, as they advocate the latest
management solution they want to effect which, much to the chagrin of clinicians,
cannot be completely ignored. The central government health agenda is currently
the ball game. One of the pitches in the ball game is patient-centered care. It is
intended that "the NHS will shape its services around the needs and preferences
of individual patients, their families, and their carers" [7], and maybe this is the
pitch over which managers and clinicians can agree. Even here, though, there is a
creeping anxiety among clinicians that managers are poaching on their territory,
threatening their clinical autonomy when it comes to control over diagnosis and
treatment, evaluation of care, nature, and volume of medical tasks and contractual
independence [8].

Another frequently cited reason for this tension is public changes in attitudes
to clinical autonomy and increased calls for accountability. Clinicians are always
going to argue the need to exercise judgment when applying the reflective practice
model of patient care, wanting to perform unfettered by any structural constraints
that would impinge on their practice. The tension here is that their clinical delivery
of care, expanding clinical knowledge, and the use of their individual discretion
could be subsumed into a scientific-bureaucratic model that would undermine their
individual discretion. Having said that, the government and the public have become
increasingly demanding in the way they hold healthcare providers to account. And
high-profile medical malpractice, e.g. the Harold Shipman and Bristol Hospital
inquiries, has prompted the government to exercise a more regulatory approach
and increased the pressure for the activity of clinicians to come under greater
scrutiny. In addition, the growing costs of healthcare and its growing demands on
the economy have meant that the decisions of doctors have come under examination
and there are increasing attempts to control them.

Five new regulatory bodies were created in the NHS between 1998 and 2002.
These bodies, some of which are now defunct, are, or were, all concerned primar
ily with the clinical quality of healthcare. Past regulation often focused on more
peripheral administrative and managerial matters, not on clinical practice. His
torically, regulation had assumed that clinical practice was fundamentally sound
and impeccable in its intentions. The current approach, however, implicitly as
sumes that the NHS needs watching, perhaps as not all its motives serve the public
good [9].

This has brought about a diminishing of trust and increased suspicion of
professional influence, power, and autonomy. Clinical reflective practice de
rived from individual expertise and professional consensus, and based on expert
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opinion, is being replaced by critical appraisal and a benchmarking bureaucratic
model.

Having sketched the changing status of clinicians, that of the managers in the
NHS also needs addressing. The introduction of a quasi-internal market in 1991
significantly impacted on the N~S, and the managerial agenda shifted to the dic
tates of central government agendas. This increased government involvement was
partly prompted by the need to get public expenditure under control. As this po
litical focus narrowed in on public services generally, and the management of
these services specifically, the previously held relationship between doctors and
managers began shifting. At first, clinicians held their ground and employed their
clinical status to underscore their authority. Managers at that time usually were
administrators and did no more than offer administrative support without chal
lenging the clinical view. However, the arrival of general management, internal
market forces, and the introduction of clinical governance shifted this bias rad
ically and placed more authority in the hands of managers, fueling the tension
between themselves and clinicians.

However, this newly acquired power deposited on managers has not gone so
well. Managers have to respond to the spending provisos of their funding organi
zations and there is an unrealizable expectation to improve and extend the service
within the existing resources. By 2002, the Commission for Health Improvement
concluded that very few NHS organizations were examples of good management
and that more than 80% of NHS organizations tend to be reactive rather than
proactive, they lack organization-wide policies and often have differing policies
in multiple departments, and they communicate ineffectively and lack communi
cation between managers and service providers and between doctors and nurses
[10].

What is the cause of this poor performance? Arguably, the answer is less likely
to be found in the abilities of NHS managers than in the system they have to
work in. The NHS has a culture of compliance, where managers are accountable
upwards, rather than outwards to patients, and they lack the freedom that general
management needs and on which successful public service delivery depends.

Nigel Edwards of the NHS Confederation's Policy Director, is backing the
King's Fund findings [11], saying:

Government health reforms such as Patient Choice, the new financial system Payment by
Results and increased use of private sector providers are making NHS finances more volatile
and less predictable. They are contributing to a projected NHS deficit of £620 million for
2005/06 which the Health Secretary announced last week so sending in 'turnaround teams'
to achieve rapid reductions in deficits, as announced by Patricia Hewitt last week, may only
provide a short-term solution. Blaming NHS managers for deficits is a diversion from the
fact that the introduction of market mechanisms into the health service requires a more
flexible financial regime [12].

So, if the clinicians are not really to blame and the managers are not really to
blame, then who is? Politics always seems a good place to start. It has been argued
that "the government's desperation to find ways of engaging with the public on
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issues close to its heart has led to a feverish obsession with healthcare" [13]. With
healthcare policy having become increasingly prescriptive since the 1990s, it seems
that riding the back of this obsession are management healthcare initiatives like
so much frantic activity, swirling above the heads ofNHS staff. It could be argued
that anyone trying to ignore changes is not doing so as an act of sabotage, but more
from conscientious objection. So, here we are, in the middle of things, or rather in
the middle of 1.3 million staff wondering what to do.

16.4 The Way Forward for Clinicians and Managers

The current climate dictates that this relationship is one that needs resolving,
and the political storm advancing itself as reform is the only collection point that
these two beleaguered groups can gather around. It is not the intention here to min
imize the historical and cultural differences between managers and clinicians, but
these differences are now being superseded by political reform that could under
mine the NHS to the point that it transforms into something no longer recognizable
as a national health service. The truth is that managers are more than bean counters
and can provide an overview of the systemic needs of the whole service they ad
minister and target resources to optimize this administration, whilst clinicians are
more than delivery points for healthcare and can be a reality check for managers
concerning clinical realities and the apportioning of resources. Basically, whether
they like it or not, they need each other (Table 16.1).

TABLE 16.1. Doctors and managers: who needs whom [14]?

Doctorsneedmanagers

Toresolvecomplexity of the working
environment. whichneedsmanaging

To help themwith unrealistic expectations

To mediatewith the state

To set boundaries of care

To act as repositories of negative comments
frompatientsand to deal withcomplaints
against the omnipotence of doctors

To havean overview of the needsof the whole
serviceand not be influenced by parochial
needsor thoseof the most powerful and
influential

To get the resources that are requiredto deliver
the service

To help them understand networking and
committee skills

Managers needdoctors

Doctorsare the vehicle of the "healthdelivery
product"

Togroundthem in the humanand clinicalreality
of patientcare

To translategovernment policyinto clinical
reality

Torecognize whereboundaries are ineffective.
unrealistic, or inhumane

Tocontaintheir anxietyin certainsituations

To informthemabout the clinicalrealitiesin
order to decideon apportionment of resources

To use resources effectively and efficiently

Tocommunicate evidence-based clinical
practicebasedon sound scientific principles
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Managers anddoctorshavemorethanoneobviousthingincommon,i.e.working
for the same employer; more importantly, they share professional characteristics.
Bothareoftenfollowing acareerpathway, botharecommittedto working longand
hard, in both professions there are specialists, and both havethe need for effective
communication to overcometheir use of languageexclusive to their professions.
Despite these common factors, their different cultures and pressures can cause
considerable difficulties in their relationships with each other.

Of course, an importantaspectdetermining whethermutual interdependence is
taken seriouslyis whetherboth partnersare equal. Doctorscan manage,although
arguably not to the same level of expertise, but withouta doubt managerscannot
doctor. Managerswill say that in order to manageeffectively theyneedthe support
of doctors,but doctorsrarely think that theyneed management support in order to
practiceeffectively. Management skillsare,however, essentialfor doctorsheading
a unit or clinical team.

It wouldseem that what really gets cliniciansand managersagitated is the fact
that resources are finite and in this way both are caught in the same fiscal trap.
Conflict betweenthe two almostalwaysflares up aroundfinancial considerations;
and in this current climate of accountability, management also now monitorsrisk
and handlescomplaintsagainst clinical staff, suspensions, internal inquiries,and
externalconsultations.

The point is that they can either continueto be at loggerheads with one another
or they can cooperate to maximize the likelihood of their managing their local
services in a way that satisfies both adequately. The facts are that, currently, one
third of hospitalsare going to have to cut services, funding agreements revisions
are turning on a dime, freezing clinical recruitment and redundancies are becoming
real possibilities, and the government is havinga major case of denial [15].

The time for managersand clinicians to argue whether they are playing on the
sameteam is over. The government is promisingprivatehealthcareproviders with
volumes of worktoembeda moremarket-based systemforhealthcare. Paymentby
results[16]meansthatpatientchoicemaycreatean unacceptable levelof volatility.
The Audit Commission says that this new fundingmethod, wheremoneyfollows
the patient, is destabilizing the NHS and exacerbating the current financial crisis.
Insteadof increasingchoice it could have the oppositeeffect, with servicesgoing
to the wallunless the paymentsystemis radicallyreformed, says the commission.
It also cautions that critical services essential to support emergency admissions
couldclosedownin somehospitalsbecauseof thefailureto attractpatientreferrals
[17].The NHS is continuingto morph into somethingelse; and if the opportunity
isnot takento redefine relationships now,thenmarketforceswilldefinethemlater.

The days when managersand clinicians scapegoated one another is no longer
an exercisethat can be indulgedin at will.They need to work togetherto mitigate
the systemicvulnerabilities in the NHS that they are going to be exposed to. The
story is no longer the polemic of individual patient care versus resources and
productivity, but of joint leadership and mutual dependence between managers
and clinicians [18].
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TABLE 16.2. Strategies for improvement [14].

Relationships
• Respectfor differences between managers and doctors
• Ability to develop goalsand strategies that are alignedwith the clinicians involved
• Education: managers to learnaboutmedicine anddoctorsaboutmanagement techniques and how

to navigate bureaucracies
• Staffstabilityto enableworking relationships to develop

Reflective practice
• The capacityto standbackwhenthereare conflicts in order to analyze the problem
• Consulta disinterested party

Educational
• Forbothdoctorsand managers to be educated on the impactof psychological processes at the

organizational level
• Develop an academic basisfor management and medical management/clinical leadership
• Fosterearly interdisciplinary education. Managers attending ward rounds and doctors attending

management programs
• Bettermanagement research to redesign care processes basedon bestpractice

Taking a systems approach to handling this relationship step change can help
overcome the culturally habituated behaviors that have held back the development
of satisfying working relationships. The point is that clinicians and managers alike
make mistakes, and these are to be expected. If your organization has successfully
set up risk management around both clinical and general management risk, then
the foundation work has been done to allow systems of support and strategies to be
developed that can mitigate risk. This can be very helpful in analyzing and finding
solutions to perceived clinical and managerial failures. However, not all change can
be handled indiscriminately by an individual; it requires input and representation
from across all managers and clinicians to create a shared understanding of this
organizational task and to legitimize the outcome.

The pressure is on in the NHS. It always has been, but it now seems to be at a
tipping point that is genuinely causing deep anxiety, with the main contributory
factor being the financial concerns wracking it. It is at times like these that falling
into predictable patterns of behavior for clinicians and mangers can offer some
comfort; retreating into a "them and us" position to apportion blame for real
or perceived mishandling of healthcare administration is one way of avoiding
seeing the bigger picture, which is the real issue, and which inevitably includes
all those involved in delivering healthcare. Personal and group agendas resurface
on meeting-room tables in a bid for self-preservation, and old neuroses play out
rather than open dialogue in a search for joint and realistic resolutions. Unless logic
and accord, rather than fear and worn-out expectations based on old grievances,
become the standard, then the gap between clinicians and managers will remain.
A variety of approaches can be used to address this relationship, but what must
come first is the intent on the part of managers and clinicians to tackle whatever is
coming at them over the next few weeks and months with an agreed understanding
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that they will be responsive rather than reactive to the vagaries of policy windshift
and financial constraints. Some suggested headlines that each healthcare setting
needs to consider to flesh out into a plan that will move this understanding are
given in Table 16.2.

For each local healthcare setting, it is time to get a plan if they do not want
their roles and responsibilities defined for them by forces beyond their control.
There is a need to synthesize performance information and clinical reality for
systemic healthcare improvement. This synthesis needs to become naturalized into
managerial and clinical ways of working. Better solutions require a community of
ambition. From being reactive to being proactive, from blaming to better problem
solving, from command and control to shared leadership; and if you work in the
NHS and you don't think that this is your job, then you definitely don't have a plan.
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17
Healthcare Knowledge Management:
Knowledge Management in the
Perinatal Care Environment

MONIQUE FRIZE, ROBIN C. WALKER AND CHRISTINA CATLEY

Abstract

The chapterpresentsfour keysteps in the knowledge management process: access
to quality clinicaldata; knowledge discovery; knowledge translation; and knowl
edge integration and sharing.Examplesare providedfor eachof thesesteps for the
perinatalcareclinicalenvironment anda numberof artificial intelligence toolsand
analyses results are described. The usefulness of this approach for clinical deci
sionsupportisdiscussedandthechapterconcludeswithsuggestions on knowledge
integration and sharing usingWebservices.

17.1 Introduction

17.1.1 Integrating Knowledge Management
into Clinical Care

When a patient needs medical attention, the physician interacts with the patient
through theconstructsof themedical model,anancientethicalandintellectual code
for the physician whichprovidesstructured interview and examination techniques
directed towards establishing a diagnosisand a management plan. The diagnosis
is usually stated as a pathophysiologic conditiondue to an anatomicabnormality.
Until a definitive diagnosisis establishedabout the presenting problem, the physi
cian deals with a workingdiagnosis, which implies the concepts of a differential
diagnosis, investigative plan,and treatmentplan.The differential diagnosisis a list
of the other likely pathologic entities which may explain the patient's condition.
The investigative plan deals with the uncertainty in the differential diagnosis by
invoking testing strategies to "rule out" or "rule in" the conditions listed in the
differential diagnosis. With the treatment plan, the patient's need for comfort is
attended to and an attempt is made, using a variety of interventions, to return the
pathologic state to as normal a physiologic state as possible.

The modern interaction betweenthe physicianand the patient is generallysup
plemented, especially in hospital practice, by testing systems (e.g. body fluid

232



17. Knowledge Management in thePerinatal CareEnvironment 233

analysis, imaging , electrical signal analysis). Testing systems are used to increase
or decrease the likelihood of a disease process and to monitor treatment. If the
patient is healthy or the diagnosi s and prognosis are known, then no testing need
be done. Even if a definitive diagnosis is established, then the natural history (i.e.
how the illness unfolds over time) is often uncertain for anyone patient. The test
ing systems help to deal with the uncertainty in the diagnosis and management of
patients [I] .

17.1.2 The Healthcare Knowledge Management Process

The clinical databases, data-mining techniques, clinical decision-support (CDS)
tools, and integration technologies discussed in this chapter, in relation to the
perinatal care environment, are linked together in a four-step circular knowledge
management (KM) process for perinatal care. Figure 17.1 shows a diagram of the
four steps described in the KM process; an overview of the four steps of KM in
perinatal care follows .

17.1.2.1 Step 1: Access to Clinical Data

The first step in the KM process is the collection, storage , and retrieval of data. The
current developments of electronic patient records (EPRs), hospital information
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FIGURE 17,1, Diagnostic healthcare KM process.
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systems, patientarchiving andcommunication system (PACS), andthequicktempo
of illness in critically ill patients has spawned numerous monitoring technologies
which are evolving rapidly and generate large volumes of information. However,
these monitors and hospital information systems are often unconnected, uncoor
dinated, and can generate confusing outputs. This highlights the importance of
developing healthcare KM processes to deal with the huge amount of data in
today's healthcare facility.

Oneessential ingredient isdataquality, which is critical formeaningful analyses
and use of the data; training of hospital personnel involved in data collection
and performing regular data audits to ensure high concordance with the case
roomlogbook and maintain data integrity. Examples of databases usedfor studies
reported in this chapter are found in Appendix A. Obtaining access to data is
a key ingredient in the KM process. This requires the development of strong
partnerships between caregivers and artificial intelligence (AI) specialists. It is
important to note that, prior to obtaining clinical data, the partners must apply
to the appropriate ethics review boardto obtainclearance for the workproposed.
Involving the clinical personnel at all stages of the research and development
workis essential for its ultimate success, as experience has shown that healthcare
practitioners are more likelyto incorporate information technology (IT) toolsinto
dailypractice if theyare involved in theconception anddevelopment of the tools.

17.1.2.2 Step 2: Knowledge Discovery

In this phaseof the KMprocess, a variety of data-mining toolsare used to extract
important features, observe trends, and develop prediction models for future pa
tientcases.This steptransforms data intoknowledge. Someof the toolsthat show
promising results are statistical techniques, artificial neural networks (ANNs),
case-based reasoning (CBR), andfuzzy-logic sets (FLSs). A moredetailed discus
sion of these tools is found later in the chapter.

17.1.2.3 Step 3: Knowledge Translation

In this step, the outputof the knowledge discovery (KD)tools is transformed into
information useful for theclinician. In thisphase,graphical userinterfaces (OUIs)
are integrated to make the tools intuitive and user friendly. Examples of useful
features thatcan be included are providing the probability attached to predictions,
and initiating alerts for caregivers when the outcomes estimated present a clini
cal situation that urgently needs attention. Knowledge translation (KT) includes
the development of CDS tools, which are becoming increasingly part of the IT
applications in the delivery of healthcare.

17.1.2.4 Step 4: Knowledge Integration and Sharing

Results from KT will eventually be shared with all practitioners involved in a
patient's care, possibly integrated into clinical repositories, such as the patient's
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EPR, and possibly processed by other CDS tools. A promising technology to
achievethis integrationand sharing is the use of Webservices(intranetor Internet)
to provide caregiverseasy and quick access to data, tools, data analyses, clinical
alerts, etc. Access should be providedat the point of care and in remote locations,
such as a caregiver's officeor home, and enable utilization of tools in all steps of
the KM process, at will.

An important aspect to ensure success of any of the steps and tools used in the
KM process is to position them to work within the traditionalmedical model. For
example, Case-based reasoner (CBR) that finds the 10 closest matching patient
cases to the newpatientarrivalsimulatesa physicianthinking:"I haveseenpatients
like this ... and this is what happened to them."Similarly, an Artificial neural net
work(ANN)whichpredictsa clinicaloutcome,e.g. whetherthepatient is expected
to live or die, simulates a physician thinking: "And for this patient, this is what I
think will happen." System development for CDS must never attempt to replace
physiciansand caregiversand mustremainas close as possibleto the way in which
physicians perform their diagnosis and patient management. ITs applied to KM
should be intuitive, easy to use, and provide informationquickly and effectively.

17.2 The Perinatal Environment

Perinatal care includes the period before birth (obstetric care of a fetus), and the
care givento newbornsafter delivery. Thus, the periodencompassesthe 28th week
of gestation through to the 7th day after delivery [2]. Data collectionduring these
differentstagesof developmentof the fetus,and laterof the infant,especiallywhen
things go wrong, is intense. The type of data collected depends on the medical
environment, clinical or research plans for data utilization,and predictionmodels
expected to be derived from or used on the data. Integratingdata that comes from
so many sources, in an intelligent manner, provides knowledge that should help
caregiversin makinga diagnosisor in selectinga courseof therapy. Caregiversalso
need to estimateoutcomesor whetherseverecomplicationsare likely to arise. In a
neonatal intensivecare unit (NICU),for example,accurateoutcomepredictionhas
the potential to facilitate patient management, parental counseling, and resource
allocation.

Todate, most predictionmodels are made up of scores based on a combination
of demographic, therapeutic, and physiologic variables. The Score for Neonatal
Acute Physiology (SNAP) [3] is based on the adult intensive care unit predic
tion model, the Acute Physiologyand Chronic Health Evaluation (APACHE) [4].
APACHE assigned a weight ranging from 0 to 4 to each of 34 possible phys
iological measurements to indicate a deviation from normality; the total score,
therefore, reflected the patient's severity of illness. The SNAP weights ranged
from 0 to 5 and had 37 possiblemeasurementswhosechoice wasbased on clinical
expertise.SNAP-IIwas developedby logistic regressionanalysis using the SNAP
variablesand data from the 17NICUscomprisingthe membershipof the Canadian
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Neonatal Network(CNN); thisdatabase includes slightly morethan20,000babies
[5]. SNAP-II achieves similar performance to SNAP, but it requires only six of
the 37 variables (lowest blood pressure, lowest serum, pH, lowest temperature,
lowest p02IFi02 ratio, seizures, and urine output-all variables being collected
in the first 12 h from admission to the NICU). These scoringsystems(APACHE,
SNAP, SNAP-II) classify patients according to their severity of illness, which is
closelycorrelatedwith mortality. Deathis a rare outcomein the NICU,giventhat
the overallmortality rate in the CNN databaseis less than4% [6].

However, accurate outcome prediction for single patients in the NICU could
facilitate clinical and ethical decision making, patient management, provision of
accurate parental information, and appropriate resource allocation planning. Al
thoughillnessseverity andtherapeutic intensity scoreshavebeenusefulas research
tools, they also have importantlimitations. For example, at its highest score, the
predictive powerof SNAPis about50% [7].

Scoring systems are not easily updated to reflect new practices, nor are they
designed to be specific to the practicein a particularunit or region. Nonehas been
shown to be of sufficient accuracy in predicting the outcome of individual pa
tientsfor use in supporting clinicalor ethicaldecisions. Moreover, all scoreshave
limitations in theoutcomes thattheypredictandtheydo notappeartohaveanyutil
ity in improving diagnostic accuracy or reducing medical errors. Richardson and
Tarnow-Mordi [8] reviewed 30 neonatal scoring systemsand found that few had
been validated on large, concurrent samplesof newborns. Scoring systems have
beencompared [9,10] to helpchoosesuch tools, but it is reported that manyclin
iciansremainskeptical about usingscoringmodels in actualpatientcare [11,12].
Indeed, scoring systemsappear to be little better than clinicaljudgment alone in
predicting probability of death wherethe probability approaches 50%.Therefore,
an automatic systemto predict important outcomes withadequate sensitivity and
specificity, based on a unit- or region-specific database, may have greater utility
as a decision aid in the NICU.

17.3 Estimating Clinical Outcomes in the
Perinatal Environment

Fromconception tobirth,a vastquantityofpatientinformation relatingto an infant
and the motheris accumulated andstoredin medical databases. Infant-related data
arestoredinobstetrical, perinatal, andneonatal intensive care(forverysickinfants)
databases thatare frequently distributed temporally andgeographically. Whende
veloping systems for outcome estimation, it is essential to find ways to reduce
the numberof variables used to estimateoutcomes, i.e. definea minimum dataset
(MDS) for each of the models of outcome estimation to be created. Moreover,
there is a needto obtainfastertest resultsand to predicttheonsetof significant and
life-threatening changes[13].This need,coupledwith the limitation of currentill
nessseverity indices, hasbeena motivating forcebehindresearch anddevelopment
efforts to create CDS tools.
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Neonatal Intensive Care Required

FIGURE 17.2. Perinatal clinical outcomes of interest.

Figure 17.2 shows the outcomes that can be estimated at various stages of
perinatal care, both during the pre- and post-natal periods. These outcomes are felt
to be highly relevant for obstetricians, neonatologists, and pediatricians, and they
are discussed in more detail below.

17.3.1 Estimating Pre-Natal Outcomes

17.3.1.1 Pre-Term Births

Defined as birth before 37 completed weeks' gestation, pre-term birth (PTB) is the
leading cause of mortality occurring before 28 days of age, accounting for 85%
of all neonatal deaths not due to lethal congenital malformations [14]. Owing to
its direct correlation with infant mortality and increased risk of long-term health
problems, reducing the burden of PTB has become the number one neonatal health
priority. Many studies have attempted to predict women at risk of PTB; so far, no
scoring system has proven itself superior to clinical judgment. One of the major
obstacles is that most women who deliver prematurely have no obvious risk factors,
and over half of all PTBs occur in low-risk pregnancies [15,16]. Owing to a lack
of complete obstetric data, it is often difficult to perform risk estimation based
on sophisticated medical markers and extensive medical histories, as published in
large clinical trials [17]. We used ANNs to predict PTBs by classifying each new
patient case using an obstetrical CDS tool that identifies mothers at high risk of
delivering premature infants [18].

17.3.1.2 Delivery Type

This outcome variable predicts whether the delivery of the baby will be by cesarean
section or a vaginal delivery. Successfully predicting the delivery type can help
to prepare for the care of mothers during delivery. The cesarean birth rate has
been increasing slowly every year in Ontario (Canada), from 19.9% in 1999,
to 20.9% in 2000, to 22.8% in 2001. The increase occurred in both teaching
hospitals and large community hospitals. The debate continues on whether the
present cesarean birth rate is too high. Six years ago, the cesarean birth rate in
the Ottawa area hospitals was 16%. A recent study reported the development of
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a prediction model for delivery type. The study used two different AI approaches
to estimate this outcome: ANNs and fuzzy-logic neural networks. Both resulted
in high performance measured by the sensitivity, specificity, and area under the
receiver operating characteristic (ROC) curve [19].

17.3.1.3 Apgar Score

This test is done 1 min and 5 min after delivery of the newborn to evaluate its
condition immediately after delivery. The Apgar tests five attributes: appearance
(color); pulse (heartbeat); grimace (reflex); activity (muscle tone); and respira
tion (breathing). A score is determined by awarding zero, one or two points in
each category. Scores of seven and higher indicate that the baby is in good clin
ical condition. The Apgar score was developed in 1952 by the late pediatrician
Dr Virginia Apgar [20]. Again, a prediction model was developed for this rarely
studied outcome, with encouraging results [19].

17.3.2 Estimating Neonatal Intensive Care Outcomes

17.3.2.1 Newborns Requiring Intensive Care

Development of neonatal technology and practices have resulted in sophisticated
care, capable of sustaining life for infants as small as 500 g and as premature as
23 weeks' gestation. There has been a substantial reduction of mortality in pre
mature infants, and the rate of handicap or significant morbidity appears to have
remained steady or declined in survivors of NICUs of nearly all gestational ages
and weights. Despite these positive results, current neonatal care decisions are
frequently based on uncertain conditions, and the use of aggressive treatments
is increasingly being questioned. A serious concern for healthcare providers and
for parents is: To whom should this intensive care be administered and in what
circumstances should it be withdrawn? Are there factors with respect to these
babies' health status to guide physicians and parents in whether to administer
treatment or not, or to end it if it has been started? In the NICU, ethical dilem
mas and decision conflicts are unavoidable. The challenge is to provide guidance
that is practical and specific, but not prescriptive [21-23]. There are suggestions
that appropriate technologies can improve the decision-making process [24,25].
However, physicians often perceive current outcome estimates as unreliable and
are seeking better-performing algorithms for predictions. If estimates can be pro
vided with acceptable accuracy, then the potential exists to enhance significantly
the evidence on which critical decision making is based in NICUs.

17.3.2.2 Mortality

Neonatal mortality is defined by the World Health Organization as death occurring
before 28 days of age [26]. In the CNN database, only deaths to discharge were
recorded, because there was no follow up after discharge from the hospital. Mori
bund babies were excluded from the database, since they only receive comfort
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measures rather than aggressive therapy [27]. Initial studies using SNAP showed
that moribund infants were assigned a zero SNAP because no tests were performed
or monitoring values were not recorded; this inaccurately estimates their risk of
death, because a lower score should indicate a lower risk of mortality.

All current methods, including illness severity scores, have difficulty in accu
rately predicting mortality of very low birth weight (VLBW) and extremely low
birth weight (ELBW) infants. Regression analysis on a tertiary center database did
not outperform neural networks in prediction of ELBW neonatal mortality [28]
and the positive predictive values (PPV s) were similar to those reported for illness
severity scores. However, in a study using ANNs, the PPV of 62.7% in <1000 g
infants in one experiment was better than previous reports of other methods and
suggests the possibility that further performance improvement may be possible
with this approach. Furthermore, the ANN system consistently demonstrated high
specificity and negative predictive value (NPV), suggesting that it was relatively
accurate in predicting survival. This is an important finding for clinical utility.
More caution must be exercised in predicting death, as this might lead to inappro
priate counseling of parents and subsequent inappropriate ethical and therapeutic
decision making.

Given that caregivers predict death quite well early in the course of an NICU
patient's stay [7], but predict survival less well, the ANN might be an excellent
complement to clinical judgment, since it predicts survival much more accurately
than caregivers. Nonetheless, improving sensitivity and PPV for the outcome of
mortality is an important aspect to improve the potential utility of these systems
for use in evidence-based ethical decision making [29].

17.3.2.3 Other Neonatal Intensive Care Unit Outcomes

Other outcomes studied in the NICU are: estimating the duration of artificial
ventilation, i.e, whether the ventilator will be used for 12 h, 24 h, 48 h, 7 days,
14 days, or longer [30-32]; another study estimating whether an extubation will
succeed or fail [33]; length of stay (LOS) [34]; mortality [28,35]. Potential clinical
complications of neonates in the intensive care unit are currently being studied with
encouraging results; examples are major neuro-imaging abnormality, chronic lung
disease (bronchopulmonary dysplasia), necrotizing enterocolitis, and retinopathy
of prematurity.

17.3.3 Databases to Estimate Perinatal Outcomes

Two principal databases were used for the studies mentioned above. The CNN
data were collected across Canada from 1996 to 1997 (17 centers, about 20,000
infants and 1000 deaths). A second database was obtained from the Perinatal
Partnership Program of Eastern Ontario (PPPESO) program in Ontario, Canada.
In 2001, 17,406 women gave birth in hospitals in the Eastern and Southeastern
Regions; the information on these women and babies born was collected in the
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2001 Niday Enhanced Perinatal Database. The databases used are described more
fully in Appendix A.

17.4 KnowledgeDiscovery

Research efforts have focused on the application of IT and AI, particularly data
integration and tools such as CBR, ANN, and FLSs to provide easy access to
information and KM at the point of care. The literature on adult uses of ANNs in
outcome prediction is now large and rapidly growing: a Medline search using only
the single MeSH term "Neural Networks (Computer)" recorded approximately
2000 "hits" in March 2003, but 9636 hits as of November 2005. There are, however,
only a few studies using ANNs in prediction of outcomes for pre-term newborns.
A number of studies compared ANNs with regression models, and in each study
the ANN approach outperformed the statistical method, but usually by only a small
margin, suggesting that these approaches may be complementary [28,36,37].

A review of evidence of health benefit from ANNs in medical intervention has
recently been published [38]. This surveyed randomized and nonrandomized clin
ical trials of ANNs in the domains of oncology, critical care, and cardiovascular
medicine, including four studies in perinatal or neonatal care. The review notes
the potential for extensive benefit, but criticizes poor methodology and exagger
ated claims in many studies. The design blueprint for decision-support research
contained in Lisboa's review has the following components: Clarify the purpose
of the study; Model design (particularly to control for overfitting); Network reg
ularization (e.g. using a Bayesian regularization framework); Variable selection
(number of observations should be 5-10 times the number of available covariates);
Validation: support for learned intermediaries (ensure experts accept integrity
of the model); Benchmarking against a suitable alternative (e.g. against logis
tic regression-derived scores); Robustness in performance evaluation (e.g. effect
of prevalence of different conditions); Comparative trials [38]. Following these
suggestions will help to inject credibility in CDS tool developments.

17.4.1 Artificial Neural Networks

ANNs are widely used and are effective in a broad range of applications for analysis
(e.g. voice recognition), control (industrial appiications), and forecasting (e.g.
market and weather forecasts). An ANN uses a process analogous to information
processing by the human brain, acquiring knowledge through a learning process
and storing it using inter-neuron connection strengths (synaptic weights). The
ANN thus develops a set of outputs based on a system of input conditions. In this
respect the ANN serves a similar function to common statistical techniques. The
main advantage of neural networks over statistical techniques is that the model
does not have to be explicitly defined before beginning the experiments. ANNs
can recognize the relevant data and patterns, whereas a statistical model requires
prior knowledge of the relationships between the factors under investigation [39].
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Also,withstatistics,it is difficultto integratedata of differentformats(i.e. working
simultaneously with continuous, binary, ordinal, and nominal data), but this can
easily be achievedusing ANNs.

17.4.1.1 Improving the Performance of Artificial Neural Networks
in Analyzing Medical Data

The versatility of available softwaresuch as MATLAB [40] makes ANNs acces
sible to newcomers to this field of work, yet seasoned users can also modify the
basic networks using more complex functions to achieve even better classifica
tion performance. Wehaveexperimented with a variety of structuresover the past
decadeand havechosen the backpropagation feedforward neuralnetworkwith the
weight-elimination cost function and thehyperbolic tangenttransferfunction [32].
Originally, the training sets typically contained two-thirds of the data randomly
selected, with the remaining used for a test set. More recent experiments tend to
use one-thirdof the data set for each of: training, testing, and validation.

Twoand three layer networkswere used with the weight-elimination cost func
tion to prunethe networkand the logarithmic-sensitivity indexas a stoppingcrite
rion, whichoptimizesfor both sensitivity and specificity [41].Multipletrials were
executedusingdifferentrandom-number generatorseeds.A seriouslimitationcan
occur when one outcome class contains less than 85% of patients [42]. This was
overcomeby increasing the smallest class through multiple random sampling of
patients in this class until their presencereached20% of cases [43].Tediousman
ual tweakingof nine ANN parameters to obtain optimalperformance for each set
of experiments wasovercomeby developing a fully automatedANN that runs day
and night with little user supervision, saving weeks and months of work for each
analysis.An automatedcalculationof ROCcurves was added [44]. A verification
program allows a previously defined ANN estimation model to be applied to a
new database to ensure that the ANN was generalizing, rather than overfitting to
the trainingdata. The verification tool runs only one epoch, using the weightsand
biases obtained from the best results from the training runs.

17.4.1.2 Input Variable Reduction: Finding a Minimum Dataset

Medicaldatabasesare generally large,containingmore variablesthan are needed
to predict the desired outcome. After the database has been cleaned (removal
of outliers and ambiguous data), the first step is to pare down the database to
a workable size by removing unimportant input variables. The difficulty lies in
knowing which variables to remove. When only the most important variables
remain, the MDS has been reached.The MDS not only definesthe most important
input variables for a predictionmodel,but also definesa list of indicatorsand their
relative importance. When a database is mined, sometimes the ability to predict
case-by-caseresults is not the goal.

In theseinstances,oftena setof indicatorsisdesiredinordertomakeoveralldec
larationsaboutthefactorsthat leadtocertainresults.The variables of theMDSwith
the largest relative weights are these factors or indicators. A number of methods
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exist for input variable elimination with ANNs. Complex, mathematically
intensive examples will not be explored, which includes examples such as indepen
dent component analysis and higher order cross-statistics, p-value test reduction,
and complex dimensionality reduction. Several methods have been proposed to
identify the weights of the inputs and hidden nodes in order to establish the impor
tance of each variable with respect to the outcome. One approach is to reduce the
input variables one by one and observe when the performance deteriorates [45-47].
The remaining variables then form an MDS to estimate a particular outcome.

Another method to extract weights for (with a hidden layer) was proposed
by Garson [48], and was later simplified by Goh [49]. One problem with Goh's
technique is that it is presented as an approach for extracting weights in nonlinear
ANNs (with hidden layers), but the algorithm in its current form tackles linear
networks and does not allow one to compute weights in the hidden layer when
applied to the problems described here [50].

17.4.2 Case-BasedReasoning

A CBR system is an expert system that derives solutions to problems based
on cases. Functionally speaking, CBR-based medical systems provide "analogy
based" solutions/diagnosis to clinical problems by manipulating knowledge de
rived from similar previously experienced situations, called cases [51].

A basic premise in CBR is that many problems that decision makers encounter
are not unique; rather, they are variations of a problem type. Thus, it is more
efficient to solve a problem by analogy and starting with the solution to a previous
similar problem than it is to generate the entire solution again from first principles
[52]. A problem can be solved in a cycle of four steps, referred to as the CBR
«4Cycle: Retrieve, Reuse, Revise and Retain. In solving a current problem, the
CBR retrieves a similar past case and its solution. It then adapts the successful
solution ofthe retrieved case to adjust for any differences between the current case
and the retrieved case. Finally, the CBR stores the solution to the current case along
with feedback about the outcome so that it can be used in solving future problems
[53].

A CBR has been used to match entire cases for inspection by physicians in an
adult intensive care unit and to generate warnings if any of the 10 closest matched
case patients had died [54]. It was suggested that a database could be extended
using the imputation process, so that it could be successfully merged with another
database that contained different input variables. A CBR was used by Ennett in
conjunction with an ANN to impute missing input values into medical databases
[55]. The weights at the input nodes of an ANN, after optimal performance is
attained, and used in the CBR as match weights. Ten closest patient cases are
found, and then missing values in the variables of these 10 patients are imputed
by the mean of the value of each variable for this set of patients. There are other
methods to impute missing values, such as replacing them with normal values.
However, the approach described above was found to perform as well or better
than others described in the literature.
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17.5 Results

17.5.1 Estimations ofPre-Natal Outcomes
17.5.1.1 Pre-Term Birth

All experiments were performed on three PPPESO databases, using years 1999,
2000, and 2001. Based on physician input, eight obstetrical variables were selected
as being nonconfounding for predicting PTB: maternal age, number of babies this
pregnancy, number of previous term babies, number of previous PTBs, parity
(total number of previous children), baby's gender, whether mother has intention
to breast-feed, and maternal smoking after 20 weeks' gestation. The outcome
assessed was whether birth occurred at less than 37 weeks' gestation.

Table 17.1 summarizes the database distributions; notice that the PTB rate is
similar for all three years. The ANN architecture was a three layer architecture
(input-hidden-output) layers feedforward network based on the backpropagation
training algorithm with the hyperbolic tangent transfer function. All experiments
used weight elimination added to the error function. Two categorized datasets were
created: the first combined all PTB cases from each of the three PPPESO years of
data collected, and the second contained all term delivery cases for a specific year
(200 1). Each categorized dataset was randomly separated into training and test
sets (two-thirds and one-third respectively). The 2/3-term training set and the 2/3
pre-term training set were combined, yielding an approximate 80:20 distribution
(term to preterm respectively). Finally, the 1/3-term test set and 1/3-pre-term test
set were combined, randomly deleting pre-term cases until an approximate 90:10
"real" distribution was obtained.

The study assessed whether changing the PTB rate distribution of the train
ing datasets increased the performance of the ANNs. Given the current lack of
success in predicting with high sensitivity PTB in nonsymptomatic populations,
sensitivity was chosen as the key measure of performance. Additionally, the ANN
performance was measured using specificity, correct classification rate (CCR),
and the area under the ROC curve, i.e. the C-index. The performance was also
compared with the CCR of a constant predictor (CP), a statistical benchmark that
classifies all test set cases as belonging to the outcome class with the highest a

TABLE 17.1. PPPESO PTB statisticsby year.

1999 2000 2001

PTBcases(%)
Prevalence in PTBcases (%)

Smoking
Breast-feeding
Previous PTB
Previous term
# Babies== I
Gender== Male

8.7

17.45
71.45
10.28
42.14
75.79
55.24

9.2

17.32
75.42
11.33
42.70
80.55
52.43

8.4

17.13
79.78
12.19
43.29
77.62
51.23
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TABLE 17.2. Network settings of the best-performing networks
for predicting PTB(PPPESO).

Experiment

Numberof hiddenlayers
Hidden nodes
Learning rate
Learning rate increment
Learning r~te decrement
Weight decayconstant
Momentum
Error ratio
Lambda increment
Lambda decrement

Train PTBR= 8.59%
TestPTBR = 8.67%

2
3
0.0004
l.7685
0.5
.0.501
0.95
1
r.ot
0.99

TrainPTBR= 23%
TestPTBR = 10%

2
3
0.0004
].2865
0.9092
0.501
0.85
1
l.0]
0.99

prioriprobability of the trainingset.Table17.2summarizes theoptimizednetwork
parameters for both the originaland artificial datasets.

It can be argued that the ANNs trained on the artificial datasets were of more
value to physicians because a greater number of mothers at risk of PTB were
correctlyclassified. In general, at-risk patientsare more difficult to classify using
risk stratification models; therefore, preferenceshould be given to a model that is
betterable to classifythese individuals. The three-layerANNoptimizedto predict
PTBusing the 2001 artificial trainingdatasetoutperformed the originaldataset for
predicting PTB:sensitivity increased by 13%,peakingat 33.4%;CCRwasslightly
higher than CP, and the area under the ROC curve, which assesses the ability of
the model to discriminate betweenoutcomes, increasedto 0.71.

The ANN identified four variables as having the highest connection weights;
listed in order of significance, these are: the number of babies this pregnancy;
numberof previous term babies; total numberof previous children;and maternal
smoking after 20 weeks' gestation. These results are encouraging in terms of
validating the applicability of the ANN to clinical PTB prediction, as each of the
fourvariables iscommonlybelieved to bea riskfactorassociated withan increased
frequency of PTB [56].

Using only a very limitedeight-variable obstetrical input set, a maximum sen
sitivityof 36.64%wasachieved with an artificial distribution of PTBcases of just
over 20%. These initial results are encouraging, because if women at risk of PTB
could be accurately identified using basic obstetrical and socio-demographic in
formation, then this wouldreducethe needfor invasive and costly predictive tests.

17.5.1.2 Delivery Type

As describedearlier, two approaches were used to estimate this outcome and the
next one (Apgar5): a neural network with the weight-elimination cost function
and hyperbolic tangent transfer function; and fuzzy K -nearest-neighbor (KNN)
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algorithm. The maximum CCR of the ANN test set was 86.8% for a two-layer
network and 85.7% for a three-layer network with seven nodes in the hidden layer.
The corresponding sensitivity was 80.6 for the two-layer network and 84.0 for the
three-layer networks. The specificity was 88.5 and 86.2 in the two- and three-layer
networks respectively. With the FLC the CCR was 89.2, the sensitivity 71.3, and
the specificity 94.3% [19]. These results show a very good performance of both
AI approaches in estimating delivery type.

17.5.1.3 Apgar5

With the ANN, the specificity was very high (99.7%), but the sensitivity was lower
(31.4%). The CCR was also very high (98.2%). This particular outcome does not
appear to have been studied to date by AI tools. This first attempt is encouraging,
and the ANN will be optimized by a variety of approaches to obtain a higher
specificity in the future. With the FLC the CCR was 97.6%, the sensitivity was
19.5%, and the specificity was 99.3% [19].

17.5.2 Estimations ofNeonatal Intensive Care Outcomes

17.5.2.1 Very Low Birth Weight Mortality

The CNN database contains a large number of variables, which are more fully
described in Appendix A. For this outcome, nine were selected for analysis; these
variables also comprise the components of the SNAPPE-II illness severity score,
which is the SNAP-II and three perinatal variables (hence "perinatal extension" or
PE), namely Apgar score, birth weight and "small for gestational age" (newborns
whose birth weight is below the third percentile for gestational age). These were
studied for infants < 1500 g birth weight (VLBW) and < 1000 g (ELBW).

The total number of cases of all birth weights in the database was 20,008. After
exclusion of cases with missing values there were 2079 cases with < 1500 g birth
weight and 1050 cases with < 1000 g birth weight in the database (admission data).
Several separate experiments were performed with three to eight hidden nodes in
a single hidden layer of the ANN. The CP, CCR, PPV, NPV, likelihood ratio (LR)
and negative LR (NLR) were measured for all experiments.

The CP (in this study the proportion of infants in each set not dying before
discharge home) was 79.3% for infants <1000 g and 86.7% for those <1500 g:
the latter high proportion might be expected to be difficult for an ANN to improve
upon. Nonetheless, the ANN always performed better than the CP. After training,
CCRs on the test set at best performance were 83.8% for infants < 1000 g and
88.4-88.8% for those < 1500 g. Sensitivity for the outcome in this experiment
was about 50%; best was 50.6% for < 1000 g, 47.4% for < 1500 g, but specificity
was uniformly high at 93.2-97.5%. Area under the ROC curve (0.7937-0.8021
for < 1000 g, 0.82-0.8401 for < 1500 g) was generally at least as good as or better
than for SNAP-II or SNAPPE-II.
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17.5.2.2 Scoring Systems

At best performance, the PPV for these data was 47.2-48.5% for all datasets
except for the < 1000 g test set using the eight-node hidden layer network, where
PPV was 62.1%. NPV was 77.3-79.7% for all test sets except in this case for the
<1500 g test set using the eight-node hidden layer network, where it was 85.5%.
This provides some evidence that the eight-node hidden layer provided a small,
but important, improvement in performance. LR similarly was slightly higher for
the eight-node hidden layer network. LR with three nodes was 2.3 (both < 1000 g
and < 1500 g); with eight nodes in the hidden layer, the values were 3.5 (< 1000 g)
and 3.3 « 1500 g).

NLR was similar for both systems: 1.6 (three nodes < 1000 g), 1.3 (three nodes
<1500 g), 1.7 (eight nodes <1000 g), and 1.6 (eight nodes <1500 g). While
these results are not yet good enough for application in the clinical setting, they
again show that ANN predictions are as good as or better than currently available
scoring systems, and they provide encouragement for further work to optimize
performance.

17.5.2.3 Contribution of Variables to Mortality in Neonatal Intensive
Care Unit Patients

For this experiment there were 5102 infants in the CNN database after exclusion for
missing values (infants of all birth weights were included in this analysis.) When
adjusted so that the variable with the highest contribution had a value of 100,
the relative contributions of the variables in the SNAP-II and SNAPPE-II were
estimated (Table 17.3). CCR, sensitivity, specificity, PPV, NPV, LR, NLR and
area under the ROC curve were measured to evaluate this system's performance.
Performance measures for the test set were: CCR = 90.2%; sensitivity 24.5%;
specificity 97.7%; PPV = 82.5%; NPV = 74.5%; LR = 10.7; NLR = 1.3; area

TABLE 17.3. Relative contributions of SNAP-II and SNAPPE-II variables
to NICU mortality",

SNAP-II & SNAPPE-II
Variable

LowestpOz/FiOz ratio
Urinecc/kg in 24 h
Apgar @ 5 min
Lowesttemperature
Smallfor gestation
LowestserumpH
Birthweight
Lowestbloodpressure
Seizures

SNAP-II
Relative Weight

100
71

N/a
51

N/a
42

N/a
37
25

SNAPPE-Il
Relative Weight

100
66
43
42
32
28
19
19
19

a Performance measures for the test set (infantsof all birth weights): Sensitivity =
24.5%,Specificity = 97.7%,LR =10.7, NLR= ].3, PPV= 82.5%,NPV= 74.5%,
CCR = 90.2%,Area underROCcurve = 0.8253.
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under the ROC curve was 0.8253. Thus, system performance was very good for
prediction of mortality versus survival when using infants of all birth weights in
this database.

17.5.2.4 Duration of Ventilation

The total cases in the database were 20,008 for admission data (day 1). After
exclusion of cases with missing values for one or more SNAPPE-II variables,
there were 1841 cases remaining. The estimations of probability of ventilation
> 12 h, >24 hand >36 h were studied with this dataset. System performance
was evaluated by measuring CCR versus CP, sensitivity and specificity, area under
the ROC curve, PPV and NPV, and LR and NLR. The correct classification rate
of the ANN without replacement of missing values was generally high, ranging
from a low of 78.4% for prediction of ventilation duration <12 h to 86.7% for
<36 h. CCR was always higher than the CP (in this experiment the proportion n.ot
ventilated for the duration under study), which ranged from 60.0% for ventilation
< 12 h to 85.3% for <36 h. Specificity was 78.3% for < 12 h, 85.3% for <24 h,
and 93.4% for <36 h. Area under the ROC curve was 0.8217 for <12 h up to
0.8692 for <24 h. However, whereas specificity and ROC tended to be better for
longer durations of ventilation, sensitivity was poorer for prediction of duration of
ventilation <36 h (47.9%) than for < 12 h or <24 h (74.3-79.4%).

The PPV for these data similarly became poorer for prediction of longer periods
of ventilation: 70.6% for ventilation duration < 12 h, 62.7% for <24 hand 51.9%
<36 h. NPV, however, changed relatively little with differing periods of ventilation:
84.6% < 12 h, 93.0% <24 h, and 83.8% <36 h. LR was similar for all predictions:
3.6 for ventilation duration < 12 h, 5.4 for <24 hand 3.4 <36 h. NLR, however,
was better for predictions of shorter ventilation periods: 3.7 for < 12 h, 4.1 for <24
h, and 1.6 for <36 h.

Duration of ventilation is an important predictor of resource utilization in the
NICU, with ventilated infants requiring much higher commitments of nursing, res
piratory therapy, and other personnel, as well as elevated utilization of laboratory,
medical imaging, pharmacy, and other investigational and therapeutic resources.
These results suggest that further research to refine estimation of utilization indi
cators may have considerable future utility.

17.5.2.5 Extubation Success

Mueller et al. [33] compared the performance of an ANN with a multiple logistic
regression (MLR) model in predicting extubation outcome in newborns weigh
ing 900-1500 g. Mueller et al. used ANNs to estimate outcomes for a "new"
patient, based on the experience acquired with a large database of a similar popu
lation of previous patients. They also compared both systems with clinical predic
tions of extubation failure or success from four neonatologists who were provided
with the same datasets used to develop the mathematical models. In that study
there was little difference in the ability to predict extubation success (although
the ANN had marginally the best performance: 86% ANN versus 84% MLR and
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clinicians), but for prediction of extubation failure the ANN significantly outper
formed both the MLR model (86 versus 56%) and the clinicians (86 vs 41%).
There was some evidence that clinical predictions were more accurate from more
experienced clinicians [33].

17.5.2.6 Major Neuro-Imaging Problems

We have studied the estimation of probability of major neuro-imaging abnormal
ity. Preterm newborns, particularly those <28 weeks' gestation or < 1000 g birth
weight, have a high incidence of intraventricular hemorrhage (IVH), where bleed
ing occurs from the fragile blood vessels around the ventricles (fluid spaces) in the
brain. Low degrees of such hemorrhage (classified as grades 1 and 2 according to
a system developed by Papile et at. [57]) are not associated with a significant in
crease in risk of adverse long-term neurodevelopmental outcome. Higher degrees
of IVH (grades 3 and 4, the latter also being known as intra-parenchymal hemor
rhage (IPE)) carry increasing risk of poor outcomes such as cerebral palsy (CP)
and developmental delay. A separate, but often associated, abnormality of the brain
tissue itself, known as periventricular leukomalacia (PVL), is highly predictive of
CPo Grade 3 IVH, IPE (or grade 4 IVH) and PVL were combined into a single
outcome, which we titled "major neuro-imaging abnormality"; this included any
infant with anyone or more of these findings on any brain ultrasound during the
infant's NICU stay.

The patient database was again the CNN database. Missing variables were im
puted using a hybrid CBR-ANN system [55], thus producing 18,306 complete
matching cases. For this experiment, the input variables used were the nine vari
ables from the full SNAP list that were found to be most predictive of mortality
in earlier ANN studies plus the six SNAP-II variables. Various experiments used
various ANN architectures, with no or one hidden layer and with varying numbers
of hidden nodes in the hidden layer. The best results using a three-layer ANN with
six hidden nodes in the hidden layer gave a very encouraging 70.10% sensitivity
and 90.13% specificity for this important NICU outcome.

While successful methods to prevent these adverse outcomes are not presently
known, the ability to predict the highest risk infants may have important impli
cations for the neonatologist counseling an infant's parents on possible long-term
outcomes.

17.5.2.7 Necrotizing Enterocolitis

A second area already studied by us is probability of necrotizing enterocolitis
(NEC). NEC is a relatively common problem (rv5% NICU admissions) that is most
often seen in pre-term newborns. Various risk factors are known or suspected, such
as episodes of low oxygen or circulation, rapid feeding advances, and infection.
The condition causes inflammation and necrosis of the bowel wall and may lead
to septic shock, gut perforation, and long-term bowel abnormalities. Mortality is
high, with about 15% of those affected dying. Our research team used the same
patient database from the CNN and the same variables as under the neuro-imaging
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abnormality above. Among the ANNs used for this experiment, a three-layer ANN
with five hidden nodes achieved the highest specificity and CCR, while a three
layer ANN with seven hidden nodes had the highest specificity (and only a very
small difference in specificity from the ANN with five hidden nodes).

For the best balance of high sensitivity and specificity, therefore, the three-layer
ANN with five hidden nodes appeared to be the best ANN architecture for this
outcome; it achieved a test sensitivity of 42.5%, specificity of 90.79%, and a CCR
of 89.95%. This performance is remarkable, since the prediction of NEC in the
NICU setting is usually considered extremely difficult. This suggests that ANN
prediction of babies at particularly high risk may be possible and might allow
the use of early measures to prevent the onset of NEC related to hemodynamic
stability, feeding, infection, etc.

17.5.2.8 Chronic Lung Disease and Retinopathy of Prematurity

These studies have commenced and results will be available and reported in due
course.

17.6 Knowledge Translation and Interpretation

AI estimations need to be integrated into clinical social context to create value for
healthcare decisions and provision. In sophisticated NICUs, decisions to continue
or discontinue aggressive treatment are an integral part of clinical practice. High
quality evidence supports clinical decision making, and a decision-aid tool based on
specific outcome information for individual NICU patients is expected to provide
significant support for parents and caregivers in making difficult "ethical" treatment
decisions.

17.6.1 Parent-Assist Decision Aid System
The concerns with neonatal intensive care treatment and decisions have led to
some efforts at creating neonatal decision-support systems. Some examples are
the NEONATE project (successor of the COGNATE project) [58], and the Baby
CareLink® Tool [21]. The NEONATE project is an ongoing effort to develop a
decision-support tool for clinical staff (doctors and nurses) in a neonatal intensive
care environment. The focus is to help the NICU medical team deal with large
amounts of (and many different types of) information in making clinical deci
sions. The development is in a preliminary phase where the neonatal practitioners'
concepts and knowledge hierarchies are being identified and used to develop user
interfaces. The researchers have taken a cognitive engineering approach in their
design.

In the US, development efforts are under way on the Baby Carel.ink'l'' system.
This tool originated as a research project at the Harvard Medical School and
is now a commercially supported product by Clinician Support Technology's'.
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The tool aims to provide a nurturing environment in which parents can, either
locally or remotely, actively participate in NICU decisions for their baby. It is
built on improved communication and customized education for parents so that
they may be empowered to provide better care to their premature infant. The
limitation of these two systems is that no AI is leveraged for supporting decision
making. Moreover, the NEONATE system does not yet account for any parental
involvement in the decision-making process, whereas the Baby Carelink'[' actively
elicits parent participation but does not yet consider the input of physicians [21].

Yang and coworkers [59] developed a framework that integrates information
on a newborn patient's likely outcomes with the physician's interpretation and
incorporates the parents' perspectives into codified knowledge. Context-sensitive
content adaptation delivers personalized and customized information to a vari
ety of users, from physicians to parents. The system provides structuralized KT,
interpretation, and exchange between all participants in the decision, facilitating
collaborative decision making that involves parents at every stage on whether to
initiate, continue, limit, or terminate intensive care for their infant. The major
components of this system are as follows:

1. Evidence-based estimation. Provides intelligent outcome prediction based on
an analysis of a set of diagnostic data input compared with past evidence of
relationship between indicators and outcomes using an ANN and a CBR.

2. Content management. Captures, manages, and retrieves all data objects for
decision making and data objects describing user context, and the content ag
gregation component including a local data repository for storing static and
dynamic decision-support data.

3. Communication management. Allows public, protected, and private message
delivery via simple message protocols.

4. User interface. Includes a content adaptation component, parent decision
support tool, and context-sensitive help.

These subsystems interact to provide services such as predictive analysis, docu
ment repository, customized delivery, and adaptive interfaces. By harnessing these
functional blocks, the user-friendly system delivers improved outcome estimation
andKM.

17.7 Knowledge Integration and Sharing.
Using Web Services

Integration is a pressing concern for the healthcare domain, which is defined by a
"plethora of distributed data and knowledge, from which complex and timely high
value decisions must be made in a low-tolerance environment" [60]. The Semantic
Web and Web services are two emerging and evolving technologies that IT experts
predict will change the face of healthcare delivery [61,62], ultimately providing
integrated healthcare data, knowledge, and computer-based applications.
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Adding semantics to the Web is a necessary component towards realizing Web
services' goal of application-to-application integration. To this end, the next gen
eration Internet will be the Semantic Web. The vision of the Semantic Web is to
associate meaning to all Web resources such that they can be discovered and con
sumed autonomously by applications [63], making the Semantic Web a meaningful
indexed repository of documents and services [64].

Currently, interpretation of Web-based information requires human knowledge
and intuition; humans and machines could interpret the Semantic Web. As decision
support-system environments are rapidly changing from centralized and closed to
distributed and open, scalability and interoperability features are becoming more
crucial to CDS development [65]. Combining the Semantic Web and Web services
offers a solution, providing physicians with instant access to knowledge, not just
data, in real-time decision-making environments.

To complete the KM cycle described in Figure 17.1, the data, knowledge, and
services described in the previous sections must be accessible to all practitioners
involved in perinatal care. We have employed Semantic Web services for healthcare
[66] as the technological enabler to create an infrastructure for perinatal outcome
estimation. Using the concepts of "Data as a Service" and "Software as a Service"
[67], the infrastructure integrates both clinical data and CDS tools in a distributed
healthcare environment, the objective being to compose Semantic Web services
autonomously based on predefined physician service composition templates [68].
The composition templates model workflows for perinatal CDS; by formulating the
physician's decision-making process, it is possible to alert physicians to potential
adverse perinatal outcomes before they occur.

In the distributed field of perinatal care, developing models for outcome estima
tion (e.g. MOSs) involves integrating patient cases from obstetrical, perinatal, and
neonatal care databases, such as those previously described. The term semantic
in "Semantic Web services" implies meaning has been associated with the Web
resources; this was accomplished by creating an ontology covering all relevant
perinatal care and CDS terminology, essentially a predefined taxonomy for peri
natal CDS. The perinatal CDSS ontology is a necessary prerequisite to integrating
data from distributed databases, providing the standardization needed to rectify
differences in terminology that occur when multiple databases represent the same
information in different ways.

The AI tools described earlier, such as the ANN for outcome estimation and
CBR-KNN system for matching an individual patient's condition to the most
similar past cases, are key components of the "Software as a Service" element
of the infrastructure. The IT tools used to achieve integration are based on the
World Wide Web Consortium's (W3C) standards: specifically, XML to support
standardized data and Web services to offer decentralized clinical decision support.

The infrastructure has three key concepts, shown by the three layers depicted
in Figure 17.3. Layer 1 (Knowledge Description) encompasses all knowledge
sources required by the higher layers: specifically, the clinical perinatal databases
and practitioner's tacit domain knowledge. Each knowledge source must be for
malized before being invoked by the Semantic Web services: a medical ontology
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describes the database schemas, and composition templates model the manner
in which core services are composed to perform complex service compositions.
Layer2 (Integration) involves developing MDSsfor perinatal outcomeprediction,
as discussed. The MDSs are then integrated with the "Generic CDS Workflow
model for Perinatal outcomeestimation",whichdefines howthe CDSSsare com
posed as SemanticWeb services. Layer 3 (Knowledge Sharing) provides the Se
manticWebservices,whichare the "glue" that integrates the inner layers and the
means by which the practitioneraccessesthe perinatal outcomeestimation tools.

Whenpractitioners wishto interactwith the system,they inputnewpatientcase
data via a Web services user interface; data are obtained either directly from the
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patient or from a clinical repository. The practitioner can then perform outcome
estimation and receive a real-time result. The result is evaluated, possibly discussed
with the patient, and ideally stored in the patient's Electronic EPR. The three layers
are interrelated, in that layer 2's objective cannot bemet until layer 1's knowledge
sources are described, and the trained outcome estimation tools developed in layer
2 cannot be ubiquitously invoked, shared, and evaluated until the Semantic Web
services infrastructure described in layer 3 is designed and implemented.

17.8 Conclusion

Developments in the analysis and treatment of perinatal and neonatal intensive
care data has progressed rapidly in the last decade and will continue to evolve
as computers become more powerful and teams of engineers, computer scien
tists, and physicians work together to solve old problems with new approaches.
With online acquisition of data now available (e.g. physiologic data from moni
tors, investigation data from laboratory, PACS, and other hospital systems) future
ANN-based systems will be able to process data in "real time" so that outcome
prediction will be immediate and continuously updated. Information, and even
alerts, will be able to be sent to clinical staff immediately as the clinical situation
requires.

The potential of these systems to support or even improve decision making
by the healthcare team (or perhaps also by parents in pediatrics) is obvious and
exciting. However, while the provision of better "evidence" to support clinical,
"ethical," and resource decisions appears likely to be a valuable contribution to
care and decision making, without clinical trials of such systems it cannot yet be
said that this information will always lead to appropriate use or that knowledge
gained through trials will lead to beneficial clinical application. Future work should
assess not only the performance of the systems themselves, but also their use in
and impact on clinical practice.

17.A Appendix

I7.A.I Perinatal Data

17.A.l.l Perinatal Partnership Program of Eastern Ontario Database

An excellent database was obtained by the author from the PPPESO program
in Ontario (Canada) and is being used to predict PTB, delivery type (cesarean
section or vaginal), Apgar score of the infant (at 5 min after birth), and mortal
ity. The PPPESO works together with hospitals, health departments, community
agencies, academic institutions, private practitioners, and consumers to effectively
link perinatal care, education, and research. The PPPESO works with its partners
to identify issues, develop and implement solutions, and produce results that will
improve evidence-based regionalized perinatal care to child-bearing families in
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Eastern and Southeastern Ontario. PPPESO's role is to provide support to this
process among the partners by collecting and analyzing data, dissemination of
information, communication, advice, facilitation, and education. In 2001, 17,406
women gave birth in hospitals in the Eastern and Southeastern Region, with an
increase 16,957 than 2000.The information of these womenand babies born was
collected in the 2001 Niday EnhancedPerinatalDatabase(Niday2(01).

The listof variables collectedwereas follows. Inputvariables include: birthdate,
mother'sage,postalcode,inter-hospital transfer, numberofprevious term/pre-term
babies, number of babies, baby's sex, baby's weight, presentation, monitoring
methodsused, maternalpain relief offered, antenatalsteroidsused, whetherscalp
or cord blood gases were performed, maternal intention to breast-feed, maternal
smoking, and neonatal transfer. Outputs of interest include: number of weeks'
gestation, labortype,Apgarscoreat 1and5 min,newborn resuscitation techniques,
and neonatal death/stillbirth.

17.A.l.2 Canadian Neonatal Network Database

The CNN has provideddata collectedacross Canada from 1996to 1997 (17 cen
ters, about 20,000 infants, and 1000deaths.)The CNN databasecontains several
subsets: admissions data;obstetriccharacteristics; illnessseverity information; dis
chargedataelements;diagnosesandconditions; disposition. Thedatabaseincludes
registration information (identifiers, demographic information, and obstetricchar
acteristics verified from maternal records), illness severity data (SNAP, CRIB,
NTISS, and SNAP-II data elements abstracted prospectively while the patient
is in the NICU), specified diagnoses, complications, procedures and therapies,
a discharge abstract completed after death or discharge of the patient from the
last hospital to which the patienthas been admitted,and summary data, collected
two-weekly, such as staff/patient ratios and nursingacuity scores for all patients.
Data collected annually include nursing wage rates, bed occupancy rates, patient
turnoverrates, adoptionof new technologies in each unit, numberof assisted re
production births, total deliveries in the area, and NICU admission rate per 1000
deliveries. Outcome variables include: in-hospital death; major morbidities; re
source utilization.

Thecurrentstudiesare:prediction of mortality in neonatesof variousgestations,
durationof assisted ventilation and LOS, and complications such as bronchopul
monarydysplasia, IVH,NEC,and retinopathy of prematurity. The CNN variables
are all recorded in raw numeric form, rather than categorical form, for ease of
abstracting and analytic flexibility. The data are entered in a standardized format
to study illness severity, practice variations, and resource consumption. Uniform
conditionsare established for all data collectionby a comprehensive manual. The
data are collected by a research assistant who visits NICUs daily and enters data
from the patient record and other unit recordsdirectly into a laptopcomputer; the
programpermitserror checking. Case numbersare assignedsequentially and can
be cross-referenced with a code assignedby our local center to each patient.The
system avoids paper and keyboard entry, duplicate assignment of study number,
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andfiling/storage of data forms,whileimproving securityandreliability. Obstetric
information is verified frommaternal records. Thedischarge abstractis completed
afterdeathordischargeof thepatientfromthe last hospital to whichthepatienthas
beenadmitted, as manypatientsare retro-transferred to otherhospitals. Summary
data,collectedevery2 weeks,includestaff/patient ratiosand nursing acuityscores
for all patients.

Data collected annually include nursing wage rates, bed occupancy rates, pa
tient turnoverrates, adoptionof new technologies in each unit (including certain
ventilatortechnologies, pulmonary function monitoring, and magnetic resonance
imaging), numberof assistedreproduction births, total deliveries in the area, and
NICU admission rate per 1000 deliveries. The abstractor is trained for the data
collection study(EPIC). All data are cleanedon receiptat thecoordinating center,
e.g. by removing out-of-range entries. The CNN study includes re-abstraction of
a random 5% of charts at each participating institution to check reliability; all
centers havehad excellentresults.
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