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ABSTRACT 

Composite and Comprehensive Multimedia Electronic Health Care Records 

Nichola Jane Salmons 

The thesis considers the issue of multimedia data utilisation within modem health care delivery and the 
consequent need for an appropriate patient records system. The discussions centre upon the deployment 
and utilisation of IT systems, and paper-based patient records within health care establishments (HCEs), 
and the resultant problems, such as data duplication, inconsistency, unavailability and loss. Electronic 
Health Care Records (EHCRs) are put forward as a means of obviating the problems defined, and 
effectively supporting the future development of care provision in a coherent manner. 

The thesis identifies the barriers to further development of EHCRs with respect to clinical data entry, 
clinical terminiologies, record security and the integration of other information sources. Equally, a number 
of EHCR developments are reviewed. This shows that, although elements of EHCRs (such as electronic 
prescribing) have been achieved, significant further developments are required to produce composite and 
comprehensive EHCRs, capable of capturing and maintaining all patient data (especially multimedia data, 
which is being increasingly utilised within care provision). 

The thesis defines a new comprehensive and composite Multimedia Electronic Health Care Record 
(MEHCR) system to facilitate the following: 

• delivery and management of all patient care; 
• creation/recording/support and maintenance of patient data (including multimedia 

data) to give composite and comprehensive multimedia patient records. 

The assistance of a local HCE was utilised throughout the project, enabling a suitable reference 
environment to be established and utilised, so that the process of care provision could be defmed. The 
thesis describes how the requirements of the new MEHCR were identified (via examination of the care 
provision process defmed), and thus how an appropriate conceptual design was formulated. This describes 
the form and capabilities of the required system. The resulting MEHCR is effectively a comprehensive 
care provision tool, which aids both process of care delivery and that of data generation and recording. 
Thus, the MEHCR concept facilitates patient care provision whilst aiding the seamless creation and 
maintenance of multimedia patient records. 

To achieve the conceptual design, a design environment was defined to give an intermediate means of 
enabling the MEHCR's implementation and further development. Thus, the MEHCR can be achieved, or 
implemented, using either a revolutionary or evolutionary approach. Equally, it is a means for enabling the 
MEHCR's continued evolution (e.g. the incorporation of new clinical systems etc.), so that it remains 
composite and comprehensive over time as care provision changes. 

The thesis also describes an evaluation of the ideas defmed, based upon the development of a prototype 
system simulating the form and operations of the MEHCR conceptual design. The prototype system was 
demonstrated to a number of parties and an evaluation conducted. The results obtained were very positive 
as to the nature, structure and capabilities of the system as given by the conceptual design. The design 
environment was also commended as both a practical means of achieving the MEHCR (especially as it 
enables retaining of existing system where appropriate), and for its future development as care provision 
advances. 
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Chapter 1: lntrod!lction 

Introduction 

This chapter gives an overview of the cunent utilisation of systems and paper-based 

patient records in secondary care provision. The chapter defines the associated problems 

and how these obstruct moves within health care to improve both the efficiency and 

quality of care provision. One solution to the cunent situation is offered, in the form of 

Electronic 'Health Care Records. The aim of the research project, to design a composite 

and comprehensive Multimedia Electronic Health Care Record (MEHCR), is then 

defined. The chapter concludes by outlining the structure of the thesis. 

2 



Chapter I: Introduction 

1.1 IT in health care: An overview 

Since the 1960s, computerised systems have gradually been developed and implemented 

within health care provision. The first systems deployed tended to be mainframes, 

having administrative roles. However, as technology has progressed, other types of 

systems have been deployed, so that today within health care there are a wide range of 

systems present (e.g. imaging systems, Patient Administration Systems (PAS), 

departmental administration systems, visualisation systems, theatre management systems 

etc.). 

As a whole, these disparate systems perform a diverse range of operations, clinical and 

administrative, and produce considerable quantities of data surrounding certain aspects of 

care provision. However, the general lack of integration between systems means that 

islands of information exist, and that data is only available at certain locations and to 

particular individuals. 

Despite numerous types of systems being deployed over the last forty years, to aid 

particular care activities, patient records have remained largely untouched, resulting in 

the vast majority of them consisting of paper folders. The paper-based nature of patient 

records hampers care provision as they can only be in one location at any point in time, 

are difficult to search for information and do not permit the recording or viewing of 

certain types of data (e.g. video and audio). Thus, the nature of the current paper-based 

patient records means that, within care provision, data may be unavailable. 

3 



Chapter I: Introduction 

The problems of data unavailability, given by both disparate systems and paper-based 

records, can adversely affect the quality and efficiency of care provision as follows: 

• clinical decisions may be made in ignorance of relevant information; 

• clinical tests I examinations may be repeated (data detailing previous 

requests I results is unavailable). 

At present health care is under immense pressure to increase its efficiency and quality, so 

that more care (often of greater complexity) can be provided to more patients (having 

greater care expectations), in a climate of financial restraint. Thus, its disparate systems 

and paper-based records stand in the way of improving both the efficiency and quality of 

care provision. One solution to this situation is the development and deployment of 

Electronic Health Care Records (EHCRs). 

1.2 Research project aims 

For a number of years research towards EHCRs has been conducted, although it has 

accelerated considerably in the last decade. However, at present, only some elements of 

EHCRs exist, there being no EHCRs enabling all patient data (including multimedia) to 

be recorded as care provision occurs. Thus, this research project was undertaken with the 

aim of determining a composite and comprehensive multimedia electronic health care 

record (MEHCR) framework, capable of the following: 

4 



Chapter 1: Introduction 

generation I recording I presentation of all patient data (including 

multimedia data) as care is provided; 

• support of patient care provision (and its constituent activities), care 

management and care administration; 

accommodation of future care provision advances whilst remaining 

composite and comprehensive. 

Although the capabilities of the desired MEHCR can be summarised in a few lines (as 

above), the goal defined is an ambitious one due to the demands and complexity of the 

care provision environment and process. The work undertaken to achieve the aim of the 

research project is described in the thesis, as detailed in the next section. 

1.3 Thesis structure 

The thesis is separated into nine chapters, including this one which sets the scene for the 

research project and defines its aims. The contents of the remaining eight chapters are 

described in the following paragraphs to give an overview of the thesis structure. 

Chapter two gives an overview of the utilisation of IT in secondary health care over the 

past forty years. It discusses the development and implementation over time of different 

types of systems, and their capabilities. The problems associated with the deployment of 

health care's numerous disparate systems are commented on, as are moves towards their 

integration. The chapter also discusses the shortcomings of the current paper-based 
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Chapter 1: Introduction 

records utilised, and how in conjunction with the presence of the numerous systems 

present (which are rarely integrated), health care's efforts to increase both its quality and 

efficiency are thwarted. The chapter offers one solution to the problems defined in the 

form of EHCRs and concludes by discussing their requirements and potential benefits. 

Chapter three progresses the discussion of EHCRs by looking at the current barriers to 

their further development. The need for advances with respect to physician data entry, 

clinical terminologies, record security and the integration of other information sources 

(i.e. existing systems) are commented on, along with a brief review of current 

developments. A number of EHCR projects drawing together data from various systems 

to give virtual patient records are discussed. These projects achieve important elements 

of EHCRs (as defined in chapter two) but none are complete systems and the chapter 

concludes with the need for the research project. 

The fourth chapter defines the health care resources, and information collection and 

analysis methods used to enable the process of care provision to be defined, and thus, the 

requirements of a MEHCR to be established. The chapter comments on the numerous 

findings yielded by the research as the process of care provision was defined (e.g. health 

care resource roles, care provision processes and activities, types of records present and 

the ways in which the records are used) and the MEHCR requirements identified. 

Chapter five discusses the designs developed to give the desired MEHCR. Initially, an 

overview of the MEHCR's "conceptual design" is given, to explain its purposes (i.e. the 
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Chapter I: Introduction 

definition of the MEHCR's basic structural fonn). After this, there are more detailed 

discussions of the conceptual design with respect to the MEHCR's precise composition, 

interfaces and utilisation, functional capabilities and its ability to embrace and 

accommodate change. The "design environment", which contains two types of views 

(Institutional and Structural) is subsequently defined. Its purpose is to provide a means 

of enabling both the MEHCR's implementation and its continued development, so that 

over time it remains comprehensive and composite. The chapter concludes with an 

example of how the MEHCR (as defined by the conceptual design) could be realised 

using the design environment. 

Chapter six discusses the benefits which the MEHCR brings to care provision. An 

example patient care scenario is defined as a vehicle for demonstrating the MEHCR's 

utilisation in, and benefits to, care provision. The scenario follows the care of a patient 

through the following: 

• initial GP referral; 

• consultation appointment given; 

• consultation encounter examination; 

• 

• 

consultation encounter departmental clinical tests; 

consultation encounter inter-departmental clinical test; 

consultation encounter outcome . 
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Chapter 1: Introduction 

The scenario described occurs within an environment where the MEHCR has been 

implemented using the evolutionary approach, to illustrate how existing systems can be 

retained and utilised. The chapter moves on to discuss the benefits given by the MEHCR 

due to its support of electronic communications, existing systems and the modes of use 

and working practices identified. The chapter concludes with a discussion of how the 

MEHCR can accommodate future health care developments whilst remaining composite 

and comprehensive. 

The seventh chapter details the development of a prototype system called POSEIDON. 

The key features of the MEHCR shown by POSEIDON, and its role as an aid to the 

evaluation of the ideas defined by the conceptual design are discussed. Equally, the 

details of the system's use during the care of the hypothetical patient is defined. Finally, 

the chapter concludes with a discussion of limitations of prototype system. 

Chapter eight describes the two evaluations undertaken. For the first evaluation, 

involving end users and IT staff, the chapter details the evaluation question set utilised 

and the results obtained. Equally, the second evaluation, involving health informatics 

professionals, is commented on and the results gained are defined, and appropriate 

conclusions drawn. Finally, there is a review of the evaluations performed. 

The final chapter briefly reviews the work undertaken and its worth as a research project. 

The chapter concludes by looking ahead to what developments are likely within the 
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Chapter 1: Introduction 

health care arena, the benefits they will bring and how the ideas defined could support 

them. 
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Chapter 2 

IT utilisation in b:ealth care 
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Chapter 2: IT utilisation in health care 

Introduction 

This chapter discusses the current pressures on health care systems and the typical 

deployment of systems within UK Health Care Establishments (HCEs). The 

evolution of information systems (IS) within the National Health Service (NHS) is 

commented on with respect to the systems present, their capabilities and moves 

towards their integration. The problems associated with the current IS situation are 

discussed, as is the way that these are compounded by the use of paper-based patient 

records. Finally, the chapter offers one solution to the current problems of care 

provision, in the form of Electronic Health Care Records (EHCRs). 
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Chapter 2: IT utilisation in health care 

2.1 IT in health care: a requirement 

Within the world's developed economies (such as those in North America and 

Western Europe) health care has evolved in different ways, supported by (in various 

proportions) private and government funding. The discussions in this chapter, 

although centred upon UK, define problems and pressures which are typical of those 

experienced by established health care systems globally. 

Health care provision has developed tremendously in this century, enabling a greater 

range of treatments (some of enormous complexity) to be received by an ever 

increasing number of patients. A consequence of this development in health care is 

the increase in its costs. For example, at present the UK spends 6.8% of gross 

domestic product (GDP) on health care, which equates to £45 billion (Ferriman, 

2000). 

Currently, care provision is under immense pressure to meet increasing consumer 

demands as more patients seek a greater number of available treatments. This 

increase in demand can be illustrated by, for example, looking at admission rates. 

These have increased by 40% in the period 1987-8 to 1997-8, so that now 20% of the 

population are admitted annually (Edwards & Harrison, 1999). These increases can 

be explained partly by demographic changes. For example, there was a 25% increase 

in the number of people aged 85 and over in a seven year period (Ebrahim, 1999), and 

an ageing population has greater care needs. 

12 



Chapter 2: IT utilisation in health care 

In addition to demographic changes, technological advances and greater patient 

expectations have also added to increased demands on care provision. Technological 

advances have enabled the development of new treatments, and help to raise patient 

expectations by facilitating much greater access to health information (e.g. on the 

Internet) (Ferriman, 1999). 

As health care has grown in scale, complexity and cost so has the need to manage its 

effective provision. For secondary care (i.e. HCE based care provision), this requires 

the improvement of both HCE management and care delivery. The improvement of 

HCE management requires the intelligent and effective collection and utilisation of 

information concerning the operation of the HCE. The benefits ofiT implementation 

for this purpose have been acknowledged, and exploited, for some time (this is 

demonstrated by the development and use of numerous administrative systems within 

the management of HCEs). For example, over five years the NHS spent 

£125,000,000 per year on managerial information systems at 260 sites (Wyatt, 1995). 

However, it is now becoming apparent that the use of IT within health care needs to 

be greatly extended and developed beyond HCE management and administration in 

the terms of patient based systems to increase the actual efficiency and quality of care 

delivery, if care provision is to match society's expectations. 

2.1.1 The development of IT in health care 

During the past forty years, computerised systems have gradually been developed and 

utilised within health care. At first, in the 1960s to 1970s, HCEs deployed computer 

systems (in the form ofmainframes) for the automation of administrative or repetitive 

13 



Chapter 2: IT utilisation in health care 

operations (Mon et a!, 1998). These systems tended to be developed on an application 

by application basis, gradually automating a variety of administrative tasks. For 

example, once the hospital payroll had been computerised, accounts and inventory 

control systems could then follow {Charles, 1979). 

During the 1970s, developments led to the further automation of administrative 

functions within HCEs and the development of various non-integrated departmental 

systems. An example of the type of departmental systems developed would be the 

computerisation of a laboratory to enable the production of test data and reports. 

However, to view the test I report data generated outside the laboratory I department 

required the printing out of information on paper (Ricci, 1997). 

The 1980s and 1990s witnessed the most dramatic increase in the use ofiT in health 

care. Decreasing costs and increasing technological capabilities resulted in the 

deployment of numerous systems of various clinical and administrative I managerial 

types. Thus, within care provision, a wide range of activities are now aided or 

performed by computerised systems. 

Health care has benefited from the utilisation ofiT, but its deployment has not been a 

co-ordinated process. This has resulted in the presence of a non-integrated IT care 

provision environment where there are islands of automation and information. 

14 
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2.2 Health care IT: current deployment and use 

To give a brief overview and understanding of the current utilisation and development 

of IT in secondary care provision it is possible to define three basic types of systems 

and discuss their roles, capabilities and deployment. Table 2.1 shows the types of 

systems defined and examples of each type. 

System type I category Examples of type 

Hospital-wide administrative systems - co-ordinate and Patient Administration System (PAS) 
manage the administration of the HCE. They hold 
administrative data and some patient data (e.g. patient 
details) 

Departmental Administration and Clinical systems - aid the Theatre Management 
administration of departments or specific activities. They Nursing 
hold administrative data, some patient details and clinical Radiology Administration 
information 

Isolated I Stand alone systems - generate, process and Magnetic Resonance lmaging (M RI) 
present specialist clinical data Computer Tomography (CT) 

Table 2.1 - HCE systems and their classification 

The system types defined are broad classifications and some systems cross the bounds 

of one or more of them. For example, a variety of medical retrieval, clinical research, 

decision support, medical education, medical training and medical records systems 

could be viewed as fulfilling the criteria for inclusion in more than one category. This 

is because their deployment, capabilities and utilisation within and between HCEs is 

extremely varied. For example, some HCEs may not utilise a particular system type 

widely, while another may use the system throughout the HCE. Equally, some 

systems, such as clinical research and decision support, may utilise existing systems 
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to generate data, and thus they could be viewed as modular extensions of existing 

systems rather than separate ones. However, the three basic categories given do 

provide a means through which IT in health care can be discussed. 

In addition to looking at the types of systems deployed it must be remembered that 

there are wide differences between HCEs with respect to the number of systems 

deployed and the extent of their integration. For example, some HCEs contain 

systems whereby those responsible for appointments and admissions, speciality 

results, drug treatments, procedures, care plans and clinical correspondence are 

integrated (Denley & Weston Smith, 1999), whilst others have considerably less 

integration. 

Figure 2.1 gives an example of how HCEs currently utilise IT in secondary care 

provision. It illustrates a small number of the various types of systems present and 

summarises their purpose and the extent to which they are integrated. 
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systems have been upgraded so that now their capabilities tend to include the 

following: 

• creation of new patients records; 

• booking of HCE appointments, generation of letters and clinic lists; 

• tracing of the patient records; 

• amendment of patient details; 

• patient admissions and discharge; 

• recording of diagnosis using ICD9 (International Classification of 

Diseases- Ninth Revision) codes; 

• generation of theatre lists; 

• the recording of operations using OPCS4 (Office of Population and 

Census Studies- Four) codes; 

• bed occupancy; 

• printing of patient details on labels. 

In addition to the capabilities listed, the systems also provide managerial information 

concerning HCE activity. This information concerns the operation, and thus the 

performance, of the HCE (e.g. the number of patients undergoing a particular 

treatment, patients seen by a particular department and on a particular waiting list 

etc.). 

Within HCEs there are also systems (e.g. audit systems and systems to provide 

information concerning patient episodes I encounters), which act like additional PAS 
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modules. They are usually developed locally to aid clinicians in their day to day 

patient management, medical audit operations, workload management, contract 

management and resource allocation and utilisation. They are often tailored to 

individual department needs, and may gather data from both PAS and departmental 

administration and clinical system types, and I or have data entered directly. 

Over the years, the majority of PASs have been upgraded with new functional 

modules added. However, the basic age of these systems (in 1995, 166 PAS gave a 

modal age of 9 years), means that they are costly to operate and inflexible (Wyatt, 

1995). This means that the ability to substantially progress PAS operations is limited, 

hence, the introduction of additional support, administration and audit systems. This 

situation does not mean that the PASs are redundant, as they still perform a vital role 

in HCEs at present. It merely suggests that PASs alone will not be capable of 

satisfying the expanding information requirements ofHCEs in the future. 

2.2.2 Departmental administration and clinical systems 

There are two groups of systems in this category: 

• departmental administration and clinical systems; 

• activity-specific administration and clinical systems. 

The department administration and clinical systems are utilised within both specialist 

and laboratory-based HCE departments (e.g. Radiology and Intensive Care) (Kalra et 

a!, 1998). The systems aid administration (e.g. the planning of departmental 
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workloads), and ensure that specialised cliirical resources are effectively managed and 

used. In addition to this, the systems generate clinical data, such as numerical 

analysis values, or clinical investigation reports. This information can be made 

available to other HCE departments, either electronically (if the systems are integrated 

with the HCE's PAS) or by means of a hard copy. 

The activity-specific administrative and cliirical systems are those responsible for the 

administration of tasks and the recording of certain items of clinical data associated 

with a specific activity or range of activities within the HCE or a department. For 

example, theatre management systems hold all the administrative information 

concerning the procedures performed within the HCE, and some cliirical data relating 

to the procedure (e.g. the type of drain and anaesthetic used). 

As the deployment of these systems is on a smaller scale than those previously 

discussed, they tend to be of a more modern nature because they have either been 

upgraded or replaced from the original deployment, or the system is of a more modem 

nature due to its more recent development. However, it is still the case that these 

systems are generally unable to supply information concerning cliirical outcomes and 

patient encounters. Thus, in many cases, they are unable to meet the increasing 

demands for information, especially with respect to the measurements of performance, 

on the basis of patient encounters. Again, it must be stressed that, at present, these 

systems perform an essential function in the successful operation modem HCEs. 
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2.2.3 Isolated clinical systems 

The 1980s and 1990s witnessed the most dramatic advances in the use of computers 

within medicine. The development of a variety of computerised systems enabled the 

use of modem clinical techniques, and the generation of specialised clinical data. 

These computerised systems are defined as stand alone or isolated systems. 

Many of the first isolated clinical systems involved the processing of images, their 

transmission and archiving, and were focused upon departments such as Radiology 

and Nuclear Medicine. Now, however, applications are being developed and 

implemented within a variety of disciplines, such as Cardiology and Neurology 

(McGarty et al, 1992) for the monitoring of patients, when perhaps as in Cardiology 

two related state indicators such as heart rate and EGC values can be shown 

(Padmanabhan et al, 1996). Thus, within most HCEs, a number of advanced medical 

techniques are commonly available including Computer Tomography (CT), Magnetic 

Resonance Image (MRI), Nuclear Medicine Imagery (NMI), Ultrasound and 

Electrocardiography (ECG). 

More recent advances in computer technologies have also enabled systems to be 

developed which, using visualisation techniques (e.g. volume and surface rendering 

(Udupa & Odhner, 1993)), give 3D computer generated images of internal patient 

structures, enabling clinicians to more accurately assess patient problems. Equally, 

there have been further clinical developments utilising the visualisation of patient data 

for the planning of appropriate patient therapy and surgery. These developments can 

be used to simulate a number of possible technical approaches to a particular surgical 
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or therapeutic problem, and determine the most applicable one (Caponetti & Fanelli, 

1993). In addition to this, simulation techniques can also be used to determine the 

probable outcome of the procedure and the likely extent of its success (Pate} et al, 

1996). 

The clinical systems utilising the visualisation of patient data and simulation tend to 

be less common within HCEs than MRI and CT type systems, as they are more recent 

innovations, but their presence and use will increase as the technologies involved fall 

in cost. 

2.2.4 Moves towards systems integration 

It can be seen from the previous sections that the factors common to the deployment 

of the systems discussed is that they do the tasks they are designed to do and that they 

tend to do them in isolation. However, if the ever-increasing pressures exerted on 

health care are to be met, care provision and its disparate, non-integrated utilisation of 

IT systems must change. Systems must be developed and deployed to support 

improvements in the efficiency and quality of care provision and the availability and 

use of more and better information (both clinical and administrative). To this end, a 

number of different advances have been made with respect to the integration of 

existing HCE systems. 

2.2.4.1 Integration of isolated clinical systems 

One of the first areas to tackle the problems of systems integration and data 

availability was Radiology and associated imaging specialities. These departments 
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have utilised computer aided imaging techniques and the multimedia data produced 

for some time. The growth in modalities has given rise to clinicians wanting to both 

contrast modality results and discuss cases with other specialities. Equally, there have 

been growing demands from referring clinicians and other care teams to have speedy 

access to images and reports (Treves et al, 1992). Thus, within this area of care 

provision there have been moves towards the integration of systems. 

The Picture Archiving and Communication Systems (P ACS) concept has been under 

development for some years. This aims to network all the isolated imaging systems of 

an HCE, although systems known as miniPACS aim to perform the same functions 

within individual departments. A P ACS will thus link a number of imaging 

modalities (e.g. CT, MRI, DSA etc.), storing the data in suitable databases (Cox et al, 

1992; Huang et al, 1992). 

Developments are also being made towards the "Digital Radiology Environment", 

which aims to integrate P ACS with the Image Management and Communication 

System (IMACS). The IMACS concept aims to effectively manage the storage and 

communication of the images. The departmental administrative and clinical systems 

and the PAS could then be integrated to produce a Hospital Integrated Picture Archive 

and Communication System (HIPACS) (Mattheus et al, 1992). This type of 

development, when a P ACS is integrated with an older PAS and I or department 

administration type system, must overcome software development and workstation 

installation problems. However, these types of developments have been achieved 
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(especially in Japan) when PACS are integrated with later PAS developments 

(lnamura et al, 1996). 

2.2.4.2 Administrative and clinical systems integration 

Alongside the work towards developing integrated networks for isolated imaging 

systems have been moves towards the integration of HCE-wide administration, 

departmental administration and clinical systems and isolated clinical systems. For 

some time it has been possible to integrate systems (such as the PAS and departmental 

administration and clinical systems) developed in the same languages and by the same 

vendors. For example, the Radiology system may be integrated with the PAS in a 

limited way, so that the systems exchange certain items of text and numerical data 

such as X-ray reports. 

In the UK, the need for systems integration was addressed on one level by the 

Hospital Information Support Systems (HISS) initiative, launched in 1988. Its aim 

was to increase the quality of information available to managers and clinicians by 

creating integrated HCE computer networks which would enable data to be entered 

once and be available as required throughout a HCE (Anthony, 1998). The HISS 

aimed to link PAS, departmental systems, research and clinical audit systems and, 

where appropriate, order communications systems (e.g. for the ordering of clinical 

services and medication) (NAO, 1996). The results of the initiative defined the 

benefits of the HISS as being "qualitative rather than quantitative" as pilot sites failed 

to achieve the financial benefits predicted. However, they did report greater 
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efficiency, and in some cases improvements as the following decreased; admissions, 

none attendance and waiting times and lists (IMG news, 1998). 

As health care has developed and more systems (of greater complexity) from various 

vendors have been implemented, integration has become more complex. To 

overcome the problem of integrating inflexible legacy systems, a number of 

"middleware solutions" have been developed. Middleware can be thought of as a 

systems component that provides real-time access, or data transfer, between non

native heterogeneous systems, so that a user can (without a knowledge of the systems 

or networks involved) locate, access and manoeuvre data throughout an organisation I 

enterprise (Brown, 1996). These middleware solutions enable various HCE systems 

of different types to be linked via a single piece of software. They generally enable 

message translation from different applications (regardless of communication 

protocols or messaging formats) and permit the exchange of data throughout the 

network. 

A number of these middleware solutions are commercially available and are utilised 

by a large number of HCEs world-wide. One example of this type of software is 

"DataGate" which resolves differences in format, protocols and data between different 

systems (Siemens, 2000). This software is currently used by a number of NHS Trusts 

(STC, 1998), as follows: 

• Ipswich Hospital - integrated the HISS and Pathology laboratory 

information management system; 
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• Glan Hafren - integrated departmental systems and PAS over a 

number of sites; 

• Hammersmith - integrated systems as part of its community IT 

strategy to enable X-ray image interchange; 

• Nottingham - integrated GP clinical systems to enable GPs to receive 

test results. 

Web-based technologies have been used by HCEs in the form of Intranets as 

alternatives to middleware solutions as a way of migrating towards the integration of 

all HCE systems. For example, the Oxford Radcliffe Hospitals NHS Trust has a web 

browser to access a number of legacy systems (Black, 1998), enabling clinicians to 

have greater access to clinical information. The ability to access the intranet through 

the HCE has encouraged its use to become a normal part of clinician's work, helping 

to reduce paperwork and the interruption of other clinicians with requests for 

information (Kay, 1998). 

These developments illustrate how HCEs are implementing solutions to enable the 

integration of systems. It can be seen that they offer a way to effectively integrate 

legacy systems and permit the accommodation of advances in health care such as GP 

links and the use of further web applications. However, an examination of these 

developments also shows that, thus far, the potential of rniddleware solutions to 

enable the integration of all HCEs systems (permitting multimedia data exchange), 

and the integration of other health care advances (e.g. telemedine) within HCEs has 

not been commonly realised. This is because these types of integration developments 
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tend to address the basic or common problems associated with data availability and 

exchange (e.g. by increasing speed and amount of data exchanged between GPs and 

Trusts, and decreasing time taken to obtain results), rather than more limited or 

specialised problems such as the availability of visualisation images between 

clinicians. 

2.3 Paper-based patient records 

So far, from this chapter, it can be seen that over the past forty years care provision 

has deployed systems to aid the performance of administrative and clinical tasks and 

latterly moved towards the integration of these systems to improve the availability of 

information. However, whilst this work has aided care provision to date there will, in 

the future, be more systems (clinical and administrative) deployed as technological 

advances inexorably become utilised in routine care provision. Advances in the fields 

of communications, robotics, artificial intelligence (AI) and virtual reality (VR), can 

all have benefits for health care. For example, communications advances can be 

exploited in the form of telemedicine applications which make more efficient use of 

clinical resources. Equally, VR and robotics can enable better and more effective 

surgery as they permit the planning and simulation and the utilisation of robots where 

appropriate, such as in heart bypass surgery (Highfield, 1997). 

Although, these future systems (many of which will produce multimedia data) could 

be integrated with existing systems (subject to networking improvements), health care 

will still ultimately be held back by one fundamental element of today's care 

provision, i.e. the paper-based patient records, as these are unable to hold much of the 
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data generated by advanced systems. Hence, the availability of patient data is 

inhibited, and thus, care provision is adversely affected with respect to its quality and 

efficiency. 

2.3.1 Form of paper-based records 

Today's paper-based patient records have developed from the personalised "lab 

notebooks" of the nineteenth century, in which observations and plans were recorded 

by clinicians (Shortliffe, 1998). Over time the patient records have developed to 

accommodate changes in care provision, such as the need to record more test data and 

legal requirements, so that they are currently the primary repository for patient data. 

However, they are, due to their paper-based nature, acknowledged as a major factor in 

holding back the increased efficiency of care provision (Dick & Steen, 1991 ). 

2.3.2 Problems of paper-based records 

Although, the current paper-based patient records have the established advantages of 

being familiar to users in the health care environment, and being relatively easy to 

scan and examine, there are numerous problems associated with their use: 

• records only permit singular access at the same physical location -

(i.e. their availability is limited unless multiple copies are made and 

this can lead to integrity and security problems); 

• records require requesting, locating and transporting to where they 

are needed; 

• records may be mislaid; 
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• data can be lost or removed from the record without trace; 

• records contain redundant data (as data is re-recorded); 

• records may contain inconsistencies; 

• information may be unavailable to clinicians due to poor legibility 

and structure, or ambiguities (different styles, vocabularies and 

approaches used when entering data); 

• records are not comprehensive (i.e. data is unrecorded) or composite 

(i.e. all data recorded is not present in a consolidated form, only 

within various separate records); 

• records do not permit the retention or viewing of multimedia data 

(such as video or audio) which form part of the patient record 

(Carpenter, 1998). 

These problems have led to the situation where clinicians spend time communicating 

with others in an effort to acquire information, duplicating data in the records, 

repeatedly completing requests for clinical services (due to the requests being lost or 

mislaid), struggling to decipher illegible record entries and coping with the 

unavailability of records (Wyatt & Keen, 1998). This situation means that clinicians 

spend up to 40% of their time generating or acquiring information (Christie, 1994), 

30% of staff perform administrative tasks only, and in the USA 25% of all health care 

costs are due to the administration and information management requirements 

(Wallace, 1994). 
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The problems associated with the use of paper-based records can only grow as health 

care develops and more advances are deployed. For example, the record's inability to 

hold and present multimedia data alone will mean that more and more patient data 

(e.g. endoscopy videos, audio and 3D graphics data) is held separately (and thus made 

unavailable to clinicians). It will also mean that inefficient practices within health 

care, such as the seeking of information (e.g. specific patient details I data) from 

colleagues rather from the patient notes or laboratory results, will increase as greater 

amounts of patient information becomes more disparate and inaccessible (Coiera & 

Tombs, 1998). 

In 1991, the Institute of Medicine (IOM) task force published a report which formed 

the basis of "The computerised patient record: an essential teclmology for healthcare" 

(Dick & Steen, 1991 ), and triggered the formation of the Computerised Patient 

Record Institute (CPRI). This landmark publication stated that "the current paper 

medical record is insufficient in content, format, accuracy and accessibility to allow 

determination of care effectiveness and outcomes", and that "computer based patient 

records can remedy the inherent flows of the conventional paper system through 

improvements in accessibility, cost savings, quality and marketability" {Traugott, 

1998). 

The CPRI went on to define the computer based patient records (CPR) as follows: 

"electronically maintained information about an individuals lifetime health status and 

health care, replacing the paper medical record as the primary source of information 

for health, meeting all clinical, legal and administrative requirements. It is seen as a 
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virtual compilation of non-redundant data about a person across a lifetime, including 

facts, observations, plans, actions and outcomes. The CPR is supported by a system 

that captures, stores, processes, communicates, secures and presents information 

from multiple disparate locations as required" (AMA, 2000). 

Before and since this definition, numerous terms have been defined (e.g. Automated 

patient records, electronic medical records and scalable patient records), and 

inconsistently applied to various developments (CPR Description Working Group, 

1996). Equally, this definition can be interpreted as meaning different things 

depending on the context it is placed in. For example, the CPR could exist at an 

institutional level (i.e. a HCE), the record given being of the patient's life long 

treatment and health status as far as the institution is concerned, and the multiple 

disparate locations being those within the institution. Equally, the CPR could exist at 

an organisational level, where data from a group of HCEs forms the record, or at a 

national level when information from all HCEs in the country is contained within the 

record. 

To clarify the discussions in this thesis, the term Electronic Health Care Record 

(EHCR) is used to mean a record of periodic care provided mainly by one institution, 

and corresponds to an EPR as defined by "Information for Health" (IfH) (Dobson, 

1998). It is used as it represents the context within which most computerised or 

electronic record implementations occur (i.e. mainly within one HCE) and the context 

within which most developments are occurring or being planned. 
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2.4 EHCRs 

The development of electronic health care records is seen as the way to overcome a 

number of the disadvantages associated with the use of paper-based records, and 

increase the efficiency and quality of care provision. To achieve the goal of the 

EHCR a number of basic requirements are defined (Dick & Steen, 1991) for the 

support of the following: 

• simultaneous access; 

• direct clinician entry; 

• access to information sources; 

• security (user access continuously authorised I audit trails I 

confidentiality etc.); 

• health research; 

• problem lists; 

• measurement of health status and functional levels; 

• documentation of clinical reasoning; 

• longitudinal linkages with other patient records; 

• support for all health care advances now and in the future; 

• measurement of costs and outcomes. 

The above merely outline what an EHCR should support, they do not detail 

requirements with respect to the data content, decision support, functionality, interface 

or technical requirements of EHCRs. 
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2.4.1 EHCR benefits 

If and when the requirements defined for EHCRs are met, their embodiment is 

projected to have a variety of benefits for patients, clinicians and providers. The 

benefits predicted for patients include the following: 

• clinical decision making improved (more appropriate care should be 

received by patients); 

• decrease I elimination of duplicate testing, rmagmg, and history 

taking (as data duplication is reduced); 

• more efficient administration (records always being available for 

consultations and results being available immediately); 

• effective implementation of preventative health measures and 

screening programs (via the enabling of the improved targeting of 

information and screening). 

For clinicians the benefits should include the following: 

• improved support for clinical decision making (all appropriate and 

up-to-date patient data (including, for example, physiological data 

captured automatically from bedside monitors) is immediately 

available as are medical information sources); 

• reduced data entry burden (data is not duplicated by its re-recording 

in patient encounters because it is buried elsewhere in the record); 

• improved prescribing (availability of adverse drug reaction alerts); 
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