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Background and Context
The Technology Actions to Support the Smart Economy: 2009 report focused on identifying a number of key actions that will deliver critical technology infrastructure and signature knowledge-intense projects necessary for the development of a Smart Economy. In addition and complementary to these actions, a series of broader approaches are under consideration which have a strong societal focus. E-Health is one of these approaches and this Report will present details of current research and technological developments underway and consider future actions which could have profound societal and economic impact.
This e-Health report is one of a series of reports under the Knowledge Society Strategy. The Strategy aims at creating an environment which optimises/ directly supports the development of a Smart Economy.
A number of the actions considered in this report are at an early stage of development. The aim of this Report is to stimulate interest in these actions and to catalyse their advance. The implementation of a series of e-Health actions which, for example, could provide an alternative to nursing home/hospital care has important societal and economic implications. 

With significantly greater life expectancy the cost of the health services will show a corresponding rise. Western life styles are leading to large increases in obesity including an increased incidence of childhood obesity and related diseases such as diabetes and cardiac related conditions. Respiratory disease is also on the increase and is particularly alarming in UK and Ireland (asthma related conditions). The incidence of a range of cancers is on the increase due mainly to the increase in life expectancy.  

In many of the above cases the increase in costs relate to treatment. Greater emphasis on disease prevention is required. Technology has the potential to significantly contribute to such an approach.   It will allow the documentation and monitoring of childhood obesity at a national level; facilitate the home monitoring of a wide range of diseases (e.g. cardiac markers) and provide real time information on vulnerable groups including the elderly.

The use of advanced technology in such a manner exemplifies the powerful societal and other benefits which could result.
For the purposes of this report the term ‘e-Health’ is used to refer to a broad range of  information, communication and bio-medical technologies,  tools and services for health.  e-Health covers the interaction between patients and health-service providers (both human led and automatic), institution-to-institution transmission of data, or peer-to-peer communication between patients and/or health professionals. Examples include health information networks, electronic health records, telemedicine services, wearable and portable systems that communicate, health portals, and many other ICT-based tools assisting disease prevention, diagnosis, treatment, health monitoring and lifestyle management.  The term characterises not only technical developments, but also a commitment to networked, global thinking, to improve health care locally, regionally, and worldwide using information and communication technology.  e-Health developments are motivated by improving efficiency and enhancing quality of care as well as adopting evidence based approaches to extend reliable health information to a wider audience.  At its core is recognition that the traditional relationship between patient and physician is changing and that education and empowerment of the individual as well as communities offers the potential for significant improvement in personal as well as population health.
There are a wide range of bodies and organisations with a stake in e-Health Research in Ireland.  Some of these, such as the Health Services Executive (HSE), the Health Information Quality Authority (HIQA), the Health Research Board (HRB) and the Department of Health (DOH) broadly see e-health initiatives as a means to improve the quality and efficiency of healthcare delivered in Ireland.  Others such as Science Foundation Ireland, the Higher Education Authority and Enterprise Ireland see e-Health research as an opportunity to establish capacity and capability in Ireland in this emerging Knowledge Economy development area.   At the same time industry stakeholders in areas such as the ICT and biotechnology sectors are focused on the need to develop and trial new products and services to meet e-Health opportunities in Ireland and in export markets. 
In the “Action Plan For Health Research 2009 -13”
, prepared by the Health Research Group, the need to exploit opportunities for research partnerships to facilitate the health service Transformation Programme is clear.  The HSE has identified that improvements in patient care and safety, as well as improved and more efficient service delivery can be achieved by adopting high value transformation actions in areas such as care pathways/processes, ICT and e-Health, health/business intelligence and resource management.  
Irish universities and technical institutes are involved in a range of e-Health related research in multi-disciplinary partnerships in areas such as aging, disease management (e.g. cardiovascular, respiratory, diabetes), biomedical diagnostics, bio-photonic imaging, sensor technology and ambient assisted living. 
Exploiting the e-Health Opportunity

e-Health initiatives have the potential to deliver significant impact on the efficiency and efficacy of the healthcare services.  At the same time the underlying technologies in successful e-health applications also have the potential to deliver significant economic growth through increased export and inward investment.

However to maximise the potential of these  impacts a number of underlying deliverables are required as described in the “Action Plan For Health Research 2009 -13”
,  including

· A framework for governing and coordinating health research at national level and within the health services.

· Agreed national priorities for health research and joint strategies and funding initiatives across agencies to deliver on those priorities.

· A significantly enhanced infrastructure for health research including fully functional and networked clinical research facilities in our main academic teaching hospitals, with a focus on accelerating research advances into benefits for patients and the population.

· Enhanced partnerships between the health system, academia and industry for mutual benefit and to contribute to the ‘smart economy’ including strategic clusters of academics, healthcare professionals and industry in experimental and translational medicine.

· Increased numbers of clinical trials networks delivering the highest quality outcomes in priority areas.

· A refocusing of the investment in health research towards outcomes and patient-oriented research.

· An expanded capacity to conduct high quality population science and health services research which can inform the delivery and organisation of health services.

· A streamlined and predictable regulatory environment that addresses bottlenecks and underpins public support for health research.

The group’s commitment to these deliverables strengthens Ireland’s opportunity to position itself as a centre for innovative and excellent e-Health research.  In addition it provides some of the conditions needed to stimulate a dynamic e-Health academic and industry cluster in Ireland.  A vibrant cluster of this kind could be expected to have impacts on the health system and on knowledge economy development in the coming years, such as:

· Direct benefits to the health service in Ireland in the form of efficiency and efficacy in the delivery of care

· Improvement in the health of the population particularly in the areas of diabetes, heart disease, respiratory disease, elderly care, childhood obesity and chronic disease management 

· Increased attraction for inward investment by international e-Health players

· Increased opportunity for innovative e-Health commercial and industrial development in Ireland leading to product and ‘knowledge as a product’ export growth.

However, in order for such a strategy to be successful it is important not simply to prove the usefulness of a particular e-Health solution in the laboratory or in controlled pilots, it is also essential to be able to evaluate its impact and cost-effectiveness in routine clinical use. This is not easy in the Irish context.  Our current ICT infrastructure has deficiencies which hamper the development and uptake of e-Health initiatives; for example:
· There is currently no unique identification system for individuals – this is essential if patients are to be accurately identified and information correctly linked to an individual

· Many GPs do not have access a secure network thereby limiting their access to e-Health services

· There is no nationally agreed ICT strategy which would support the movement of patients between public and private sectors

· There are no nationally agreed standards in place, including for the Electronic Health Record
· There is a skills deficit in health informatics – insufficient numbers of people with the combined clinical/applications and ICT knowledge 

· Under-investment in ICT across the entire health sector

· Funding and re-imbursement issues surrounding e-Health services.
Some of these issues are being addressed through the recently established Health Information Inter-Agency Group which brings together the Department of Health (DOH), the HSE, and the Health Information and Quality Authority. The main purpose of this group is to promote and co-ordinate a coherent strategy for health information and ICT nationally. 
The DOH has overall responsibility for policy in this area and to this end is expected to publish a critical piece of legislation, namely the Health Information Bill, in late 2011. The provisions in this Bill will address a number of the current impediments to the exploitation of e-Health including putting in place the legal framework for the introduction of unique health identifiers and clarifying the rules and regulations surrounding the use of personal health information both for service delivery and secondary uses such as research. The HSE is responsible for delivery of services but only across the public sector and the Health Information and Quality Authority is responsibility for setting national standards to facilitate the safe sharing of health information across the system.
European Context

At a European level, e-Health is increasingly seen as an integral part of national health system objectives as well as a key enabler for improving the quality and efficiency of public services and speeding up the development of a knowledge driven society. 

According to the European Commission (Together for Health: A Strategic Approach for the EU 2008-2013 Health systems within the EU are under mounting pressure to respond the challenges of population ageing, citizens' rising expectations, migration, and mobility of patients and health professionals.

New technologies have the potential to revolutionise healthcare and health systems and to contribute to their future sustainability. E-Health, genomics and biotechnologies can improve prevention of illness, delivery of treatment, and support a shift from hospital care to prevention and primary care. E-Health can help to provide better citizen-centred care as well as lowering costs and supporting interoperability across national boundaries, facilitating patient mobility and safety.

E-Health related implementation priorities across EU member states range from the adoption of stand-alone applications and systems, to the building of national e-Health infrastructures by connecting existing applications and systems, to the setting-up of comprehensive, national, electronic health record systems.  Specific objectives include the roll-out of eCards, e-prescribing, methods of identifying patients, and web portals for citizens and health professionals.  Interoperability standards, including semantic issues as well as the legal and regulatory framework required for complex, large-scale endeavours are also high on the priority lists. 

More than a dozen member states have established specific consultative bodies or competent authorities under ministerial supervision in the e-Health area. Their role is to develop, oversee, and monitor the country’s strategic goals, and implement and manage e-Health infrastructure and application projects.

Ireland is not amongst those countries with an appointed consultative body or competent authority specifically in the area of e-Health.  There are however several bodies that have a consultative role in e-Health among their other roles including Health Information Quality Authority, the Health Research Board and Science Foundation Ireland.
Several EU member countries have progressed legislation in a number of areas relevant to e-Health, including patients’ rights, privacy, certification of patient records related software, public information and digital signatures.

e-Health Research Activities

Ambient Assisted Living

Ambient Assisted Living (AAL) includes methods, concepts, (electronic) systems, devices as well as services that provide unobtrusive support for daily life based on the situation of the assisted person. The technologies applied for AAL are focussed on the needs and capabilities of the actual user. They are also integrated into the immediate personal environment (ambient) of the user. As a consequence, the technology adapts to the user rather than the other way around.  Scientific challenges include the development of wearable technologies, integration and interoperability of components and virtual intelligence about the environment of the user.  AAL research in Ireland is primarily focussed on the assisted living needs of elderly and disabled users but successful solutions for these users could lead to products and services with wide market application and appeal.

Smart Ambient Assisted Living (SAAL) Research Partnership
SAAL is a community of researchers whose aim is to create innovative, person-centred, technological solutions for the effective management of Health and Wellness in the home and community.  SAAL is a multi-disciplinary team of clinical practitioners and scientists drawn from three partner institutions: NUI Galway, Georgia Tech Ireland and the University of Limerick.
SAAL: eCAALYX 

Enhanced Complete Ambient Assisted Living Experiment (June 2009 - May 2012) is a three-year project funded by the European Commission under the AAL Joint Programme (Strategic Objectives addressed: ICT-based Solutions for Prevention and Management of Chronic Conditions of Elderly People). The project builds on the strengths of the infrastructure and functionality already developed in the original CAALYX project (2007/2008).

eCAALYX’s objectives are to support health monitoring of older and elderly persons with multiple chronic conditions, at home and on the move leading to improved quality of life and safety as well as reducing the deterioration of the patient condition by providing continuous support, guidance, and relevant health education.

DKIT: Centre for Affective Solutions for Ambient Living Awareness (CASALA)
The Centre for Affective Solutions for Ambient Living Awareness (CASALA) is an applied research centre on the Dundalk Institute of Technology (DkIT) campus.
Through product prototype testing and trials within a multi-tiered test-bed infrastructure, the CASALA team aim to bridge on-going basic and translational ICT and gerontology research in Ireland with emerging ambient living awareness market needs, benefiting partner companies by supporting innovative product commercialisation pathways.
CASALA has been established and initially funded under the Enterprise Ireland Applied Research Enhancement (ARE) programme, which aims to build applied expertise within the Institutes of Technology and makes this knowledge accessible to local and national industry.

DIT-UL DOWNAT

The Diagnosis of Wireless Networks used in Assistive Technology (DOWNAT) project is exploring the diagnostic capabilities of the major wireless technologies and identifying the functionality required for remote testing, diagnosis and reporting. The goal is to provide a set of measurement methods, performance metrics, and test recommendations that will enable service providers and/or end users to measure and diagnose the performance of the wireless communication during actual usage. The project is specifically focusing on wireless technologies adopted by assistive technology devices, and addresses their use in remote rural areas.
TCD: TILDA

The Irish LongituDinal Study on Ageing (TILDA) was launched by Minister for Health Mary Harney in November 2006 to study a representative cohort of at least 8,000 people, aged 50 and over and resident in Ireland, charting their health, social and economic circumstances over a 10-year period.

The study is being carried out by Trinity College Dublin in collaboration with an inter-disciplinary panel of scientific researchers, with expertise in various fields of ageing, from Dundalk Institute of Technology (DKIT), Economic and Social Research Institute (ESRI), National University of Ireland Galway (NUIG), The Royal College of Surgeons in Ireland (RCSI), University College Cork (UCC), University College Dublin (UCD) and Waterford Institute of Technology (WIT). 

TRIL: Dear Diary

The Dear Diary project aims to build a system that can utilise speech characteristics to detect cognitive deficits, personality changes and emotional disturbances and ultimately provide an invaluable indicator of the health and functioning of different brain functions in older adults. The project requires research participants to keep a daily audio diary of two five-minute segments per day.  

In addition, speech information is derived from reading simple text and playing language-based games designed to evoke rich speech information.   Dear Diary will detect psychological changes before performance is severely impaired.  The long-term vision of the project is a technology that can be integrated into a home healthcare infrastructure allowing clinicians and carers remote from a patient to access objective diagnostic information.    
TRIL: Engineering Alertness

The Engineering Alertness project is designed to build on state-of-the-art laboratory findings to develop a mobile device for use in the home to help reduce accidents associated with loss of alertness and subsequent lapses of attention.  In addition, the device can also be used to monitor changes from the optimal diurnally-varying alert state for the purpose of early detection of clinically relevant problems. 

In addition this project provides a training programme called "Alertness: Training for Focused Living" which aims to teach older adults how to modify and sustain their own alertness levels.

“Meghan(not her real name), an 85-year-old woman whose memory is failing, sits in a comfortable chair in the living room of her home in Dublin, Ireland. On her lap rests what appears to be an oversized pincushion with a small circular biofeedback device embedded. Two wires protrude from the device, and Velcro loops with embedded sensors are attached to the end of each wire. Meghan slips the loops over her fingers, flips a switch, and a small screen flickers to life. A horizontal, wavy line appears and spreads across the screen; after 30 seconds, the line stabilizes. Meghan presses a grey button on the device. She takes a deep breath and utters the word “attention.” The graph spikes upward, signalling an increase in alertness.”

The Alertness Training Programme is a four-week, self-administered home-based training programme.  Participants receive an Alertness Training Kit in the post and are encouraged to work through the guidebook five days per week.  The programme’s flexibility allows the participants to learn at their own pace.  The flexibility and self-administered structure of the alertness training programme has increased older adults’ willingness to partake in the study.

This study uses bio-feedback from the electrical conductance of the skin, otherwise known as galvanic skin response (GSR). GSR levels are linked to alertness.  Feeding this back to users helps train them to self-alert and maintain high levels of alertness. The cushion-like design of the device reduces its medical or technical appearance.  Data is captured on an SD memory card for analysis at a later stage.

Trinity College Institute of Neuroscience (TCIN) 

Trinity College Institute of Neuroscience, TCIN, founded in 2002, adopts a multidisciplinary approach to its research activities drawing on scientists and clinicians from genetics, physiology, biochemistry, immunology, pharmacology, neurology, psychiatry, gerontology, psychology, engineering and physics.

Research activities in TCIN are clustered under five thematic areas; neurodegeneration, brain aging, psychiatric diseases & drug abuse, learning, memory & cognition and neural development.

While not directly engaged in e-Health related activities the centre provides a very significant research infrastructure to support the understanding of aging and, in combination with other activities around the country, offers the potential for the well-grounded identification and development of e-Health related products and services in this area. 

Health Monitoring and Sensing Systems

Health Monitoring and Sensing Systems refers to a range of ICT and bio-medical technologies that support the safe and reliable sensing and monitoring of personal health and well-being in the home or community setting.
CLARITY: LIFELOGGING

Lifelogging is the term used to describe the recording of different aspects of a person’s daily life, in digital form, for their own exclusive personal use. It can take many forms, such as an application running on a mobile phone that 'logs' all the phone calls that person makes.  Or a camera (Senscam) that is worn around the neck and automatically captures thousands of images of the wearer's life every day.  Initially stemming from work with Microsoft Research the SenseCam has a range of in-built sensors for monitoring the wearer's environment, detecting movement, ambient temperature, passive infrared information (ie body heat) and light intensity.

CLARITY has a large research activity based on lifelogging, the digital recording of everyday activities. The cameras can record a searchable digital picture diary of an entire day, and the CLARITY software, which is used by more than 2 dozen research groups and clinicians worldwide, is used to organize the images and other gathered sensor information into lifelogs.  Lifelogs have proven to be particularly useful in clinical applications where memory recall is an issue, including cases that affect memory in a degenerative way such as dementia. Studies with SenseCam images have shown a positive effect on short term memory recall when extracts from a person’s lifelog are presented and CLARITY are commencing work with St James’ Hospital and TRIL on exploring this. 

Lifelogs are also useful in more general health applications and CLARITY are working with St Vincent’s Hospital in clinical trials whereby a SenseCam is worn by a patient who is logging his/her heart via a worn halter, and this allows a consultant and patient to jointly reconstruct the events leading up some interesting point in the heart recording.
Lifelogging in CLARITY goes further than just presenting pictures and visual analysis of lifelog images are being used to characterize behaviour and living patterns. CLARITY also uses other sensors including smart meters in homes, accelerometers on keyrings and energy usage in buildings, to determine living patterns and behaviour.  CLARITY are also involved in discussions to link CLARITY research in e-Health with home based deployments managed by the company McElwaine Smart and Bosch.
CLARITY: REAL-TIME  SENSING FOR  HEALTH AND REHAB

Patients, especially young children, who suffer from cystic fibrosis have to undertake a series of breathing exercises every day. Without an incentive to do this, sufferers are disinclined to complete their exercises and suffer consequences of breathing difficulties later. CLARITY has developed a game-based solution using a sensor-enriched vest that determines breathing characteristics.  These are recorded and generate real-time feedback on how the wearer is comforming to his/her required exercise patterns. The solution is also being applied in a rehabilitation context to help ‘retrain’ the body to perform in the required way. ‘  This work is the subject of one of the CLARITY start-ups, VizFit. 

DERI: Tele-Health
The ultimate vision for Tele-Health in DERI is aligned with the strategies being considered by governments around the world - that of team-based primary healthcare.   The objective of Tele-Health in DERI is to contribute to an infrastructure to open the Patient Area Network (PAN) to competition and thus reduce the costs associated with the remote monitoring of patients.

Such a secure infrastructure could scale to handle thousands, and, in some environments millions, of patients who will avail of Tele-Health in the future while properly accounting for the ownership of patient data, the privacy and dignity of the patient, and which allows the patient play a part in managing his/her chronic illness.

UCC: Efficient Embedded Digital Signal Processing for Mobile Digital Health

EEDSP is a SFI Strategic Research Cluster led by UCC with NUI Galway, UL and UCD as partners on “Efficient Embedded Digital Signal Processing for Mobile Digital Health”. A particular focus is to make medical sensor systems “smart” by increasing the complexity of signal processing that can be carried out at the sensor and by increasing the number of sensors and the collaboration between them. A long term goal is to carry out the basic research necessary for in-body smart sensors.

NUIG: Daily Activity Monitoring for Smart Home Environments

Smart homes can enable elders to live safely and independently at home for a greater portion of their lives. Location based smart home components can enrich the life of an elder by providing activity sensitive messages and interventions, or by notifying caregivers and family members of changes in movement patterns over time. These changes can be indicative of a decline in medical condition and reduced ability to live at home. 
This project is aimed at reducing the prohibitive cost of location based smart home components by developing a minimal infrastructure radio-frequency localisation technique. The only hardware necessary to resolve a subject's room-level location is a single Bluetooth enabled computer. Future work will experiment on the influence of location based monitoring and interventions on the ability of an elder to live comfortably and independently at home.

NUIG: Non-contact Actigraphy Based Sleep Monitoring

Sleeping problems are a commonly reported complaint in elders, only behind pain and memory decline. There are many potential causes, such as an underlying medical condition, the side effect of medication, pain and respiratory problems. Recent research has shown that sleep disturbances may be indicative of poor health and functional deficits.

Actigraphy wrist watches are a commonly deployed accelerometer-based technique of estimating sleeping patterns. However, these devices are considered a hindrance and as a result are often unsuitable for long term monitoring.  This project proposes a solution in the form of an unobtrusive under mattress bed sensor (UMBS), consisting of twenty four distributed pressure sensing 'taxels'. An UMBS has been deployed in two settings; in an in-house experiment and in a pilot study which was carried out by the Digital Health Group in Intel, in which the social rhythms of ten community dwelling older adults were related to nocturnal activity patterns. This project is part of a wider initiative which is focusing on increasing the independence of elders through technology. 

NUIG: Ambulatory Physiological Measurement for Personal Health Systems

Ambulatory monitoring represents one of the most challenging signal acquisition issues of all given that data is collected as the patient engages in normal activities of everyday living.   Data collected suffers from considerable corruption as a result of artifact, much of it induced by motion and this has a bearing on its utility for diagnostic purposes.  NUIM are developing models for ambulatory signal recording in which the data collected is accompanied by labelling indicating both the quality of the collected signal and the nature of the induced artifact. 

CLARITY: MULTIMODAL SENSING FOR SPORT

Sensor technologies are rapidly changing the sporting landscape. CLARITY introduces state-of-the art sensing technologies into sports with a view to facilitating coaches as they train the next generation of athletes. The initial phase of the project is collaboration between CLARITY and Tennis Ireland, the national governing body for tennis, based in Dublin City University. CLARITY instrumented an all-weather tennis court with 9 internet-enabled cameras with built-in microphones. This is linked to a localisation system that provides the player‘s location to within 15cm by triangulating the radio signal emitted by small tags carried by the players in their pockets. The wireless inertial sensing platforms developed by CLARITY engineers are integrated into the system with a view to providing bio-mechanical feedback to athletes. 

The smart materials being developed by material scientists in the CLARITY work programme are also being integrated into body sensor networks and will allow sensing of a variety of important physiological and biometric indicators. This includes, for example, monitoring of sweat composition (pH and sodium content) in real time as an indicator of hydration levels.

Biomedical Diagnostics Institute (BDI) 
The Biomedical Diagnostics Institute (BDI) is a Science Foundation Ireland CSET (Centre for Science, Engineering and Technology). Established in October 2005, the BDI is an Academic-Industrial-Clinical partnership that carries out cutting-edge research programmes focussed on the development of next-generation biomedical diagnostic devices. These devices are targeted at Point of Care applications including near-patient testing, self-testing in the home, and diagnosis of disease in the low-resource environments of the developing world. The availability of such devices measuring specific indicators (biomarkers) of disease will allow for life-threatening events to be detected long before a critical stage is reached, and allow chronic diseases to be controlled more effectively. Many of these new devices will also incorporate advanced communication technologies to enable expert monitoring to be provided remotely from the patient. 
BDI conducts fundamental research addressing generic issues (e.g. biorecognition, transduction, microfluidicssurface, science) that underpin the development of novel diagnostic devices. In addition BDI also has a number of applied research projects relevant to e-Health including: 

· Coagulation Monitoring Device: Blood coagulation is a complex, dynamic physiological process by which clots are formed to end bleeding at an injured site. Currently, in an critical care environment, blood samples taken from a patient’s intravenous line are tested at bedside, with measured clotting-time values used to adjust the anticoagulation therapy. Biomedical Diagnostics Institute (BDI) in partnership with Analog Devices is working to develop a coagulation-monitoring device for patients undergoing treatment in the critical-care environment. This system is expected to provide rapid, automated information on patient clotting status; improving patient safety, workflow, and decision support and leading to improvements in patient outcomes.

· CVD Risk Biochip:  The aim of this project is to develop a simple, low cost, device to allow monitoring of ‘early’ cardiac risk markers. This multi-analyte device, could provide a diagnostic and prognostic indication of the risk factors of Cardiovascular Disease (CVD). The research work has focussed primarily on the implementation of preventive strategies before Cardiovascular Disease (CVD) is clinically manifested and secondly on identifying and treating people at high risk of developing CVD.  Successful results could allow early intervention allowing risk mitigation through lifestyle changes and ultimately better outcomes in terms of patient health and healthcare costs.
DKIT: Telehealth Trial 
Robert Bosch Healthcare’s remote patient monitoring system is being used in a new telehealth trial for chronic disease management in Ireland. The trial is being conducted by the Netwell Centre at the Dundalk Institute of Technology.
The Netwell project will demonstrate how a telehealth system may help patients better understand their chronic illness and motivate them to change their behaviour to improve self-management of their condition. Forty older patients who have either congestive heart failure (CHF) or diabetes are participating in the trial, and a quarter of them will serve as a control group. The main group will use the Bosch patient interface in their home for a period of 90 days. The project has been enabled by the close cooperation of specialist clinical teams in the Health Services Executive within Louth County.

The patient interface is a compact device with a display and simple four-buttons that allows patients to answer a series of questions about their health and symptoms each day. Through these “dialogues” they learn about ways to better manage their conditions, and they receive health tips and reminders to take their medication. In the Netwell Centre trial, the participants will also report their blood pressure and weight or blood glucose levels, depending on their condition, through the session.

The data from the sessions is sent over a telephone line to a secure data centre where it is accessed by care coordinators who are alerted to early warning signs if a patient’s health is deteriorating. The coordinators alert specialist clinical staff within the Health Services if a patient appears to need urgent attention.

TRIL: Falls Biosignals Project

Frailty, although a recognisable and common phenomenon in ageing, is difficult to accurately define and diagnose. It is a multi-factorial condition, influenced by the combination of a person’s physical, psychological and social health.  TRIL researchers have created a frailty index using data collected during the first phase of TRIL.   Amongst others, the occurrence of falls is a well-established and accepted marker of frailty.  Research shows that more than one third of people over the age of 65 have at least one fall each year. Falls have significant adverse impacts on older people and are a major cost to healthcare systems worldwide. After a fall, older patients often voluntarily restrict their activity because they fear a reoccurrence. This reduction in exercise leads to further weakness that, in turn, increases the risk of another fall — a vicious cycle. In addition to this, current intervention strategies only result in a 30% reduction in the reoccurrence of falls after one year.  The focus of TRIL’s work is to identify the factors contributing to falls and to use this information to develop assessment tools to identify those at risk of falls. Appropriate intervention therapies and technologies may then be developed to assist older people in the management of falls risk and the prevention of future falls.

The Falls Biosignals Project is an integrated multisystem approach to the early detection of postural and neurocardiovascular instability.  The key aim is to enable prediction and prevention of falls and blackouts through measurement of neurophysiological, behavioural and cardiac responses in the real-world environment. The research project describes the key characteristics of fallers, identifies new algorithms for fall prediction and develops new technologies for monitoring, feedback and intervention.

To date the project is working on techniques to bring gait laboratory capability to the community setting,  to detect early risk factors of falls and to intervene and reduce risk where appropriate.
TRIL: BioMOBIUS™ Research Platform

The BioMOBIUS™ research platform, created by TRIL Centre researchers and developers, is an open shareable technology platform, which allows researchers to rapidly develop technology solutions for biomedical research. It was developed with the philosophy of providing a common technology platform which comprises hardware, software, services and sensors. 

BioMOBIUS.org, the project’s website, offers an open platform that provides a graphical development environment, some real time bio-signal processing applications and support for standard mobile hardware and physiological sensors.
In addition the hardware elements of the BioMOBIUS research platform provide support for the SHIMMER wireless sensor platform and other third party hardware and sensor devices.

BioMOBIUS is freely available to users for research purposes only.  Since making the platform available the project has registered over 250 downloads from its website.
TRIL: SHIMMER - Sensing Health with Intelligence, Modularity, Mobility, and Experimental Reusability

SHIMMER is a small wireless sensor platform designed to support wearable applications. SHIMMER is one element in TRIL Centre's Technology Platform suite and has the long term goal of facilitating research in independent living technologies. It provides an extensible platform for real-time kinematic motion and physiological sensing.  It features a large storage capacity and low-power standards based wireless communication technologies which facilitate wearable or wireless sensing in both connected and disconnected situations. SHIMMER provides a compact extensible platform for long-term wearable or wireless sensing using proven building blocks. The design is realised using conventional design and assembly technology to ensure repeatability and economy.  SHIMMER aims to help create an ecosystem of health-related technologies that provide a highly mobile capability which is tightly integrated with supporting computing infrastructure.

TCD: Hand Hygiene Monitoring

Approximately 1 in 9 hospital in-patients catch a Healthcare Acquired Infection (HAI).  In the EU and USA alone the cost of treating these infections runs into billions of euro and over 200,000 people die every year.  The World Health Organisation estimates that approximately 50% of these infections are preventable.  Good quality hand hygiene is the most effective means of preventing the spread of HAI.

The GV2
 research group has developed real-time image processing system to train and audit the quality of hand hygiene in healthcare institutions.  This technology was field tested in Beaumont Hospital in 2009 and is currently on a 6-month trial by the UK Dept of Health as part of the NHS Showcase hospitals programme.    The technology has been awarded a patent by the European Patent office and it has been licensed to a spinoff company SureWash.  Further research is being conducted into the development a system for surgical preparation and for hygiene controls in pharmaceutical and medical device factories.
Telemedicine Service Provision

The possibility exists for the monitoring and initial analysis of the incoming data from remote medical devices. This service would form the interface between the patient and their sensors/monitoring devices and the existing clinical teams. The clinical and patient-support protocols embodied in such a service could play a major role in determining the success of any Telemedicine/e-Health solution. Such services also have the potential to become an export service for Ireland. This opportunity is related to the need for a viable infrastructure for Remote Health Monitoring.  To roll-out such an infrastructure and service would benefit from a partnership approach involving researchers, clinicians, voluntary care groups and commercial companies in e-health sector.
Chronic Disease Management

Chronic diseases are prolonged conditions that often do not improve and are rarely cured completely.  Diabetes, depression, congestive heart failure, hepatitis and asthma are examples of chronic diseases.   Chronic illness can have a profound effect on the physical, emotional and mental well-being of individuals, often making it difficult to carry on with daily routines and relationships.  Chronic disease management is a systematic approach to improving health care for people with chronic disease.  Technologies that support chronic disease management have the potential to deliver significant physical and psychological benefits to the patient while reducing the cost to the health care system.
TCD: Epilepsy Management with ICT

The Epilepsy Electronic Patient Record (EPR) developed in collaboration with Beaumont Hospital is an example of an integrated multi-disciplinary approach. The EPR is now in routine use in the Epilepsy Clinic, is integrated with the hospital IT systems and is delivering clinical benefits to staff and to patients. The results of this project, funded by the Health Research Board and developed by Beaumont's Epilepsy Team and IT Department in association with Trinity College Dublin, are having an impact on the care of more than 1,000 people with epilepsy who attend Beaumont Hospital. The secure, web-based, electronic patient record (EPR) is helping to provide seamless care for these patients leading to improvements in quality, safety and efficiency of services within and across healthcare agencies.

The EPR allows one or more users to access and appraise the information at the same time and in a variety of ways, irrespective of location. It is intended to extend its use to manage care of epilepsy patients nationally and also to explore its potential in the management of a range of other chronic diseases.  

DERI: ICT4Depression

Major depression currently rates as the disorder with the fourth highest disease burden worldwide and is expected to climb to the number one position on this scale by 2030. The financial costs of depression, which are currently estimated at €224M per 1 million inhabitants, can be significantly reduced through the use of ICT based treatment systems. Web based treatment systems have been demonstrated to be as effective as face-to-face treatment and this approach is further developed in the FP7 ICT4Depression project. This project, funded under the European Communion Seventh Framework Programme theme ICT-2009.5.1, started in January 2010 and will run for three years. The main objective is to develop a mobile system capable of providing the user suffering of depression with appropriate treatment modules such that direct contact with health care providers is effectively reduced. In addition to providing the treatment, the system will use sensors to assess the status, treatment compliance and progression of the user.  
The project aims to boost European leadership in ICT-based treatment of mental illness and to provide opportunities for commercial exploitation world-wide. 

-------------------------------------------------------------------------------- NUIM: Neurorehabilitation 

NUIM researchers are adapting motor cortex activity driven brain computer interfaces, machine vision and smart textile systems to problems in stroke.  NUIM’s clinical partner is the William Stokes stroke unit of the Adelaide and Meath Children’s hospital in Tallaght. NUIM expects that through the application of appropriate technology, effective stroke rehabilitation therapy can be administered to stroke recovery patients thereby increasing rehabilitation outcome.
NDRC: HeartPhone

HeartPhone is an innovative remote healthcare solution capable of intelligently measuring, monitoring and managing the weight of congestive heart failure (CHF) patients at home. For CHF patients, abrupt weight gain is a clear indicator of deterioration of the heart condition.  The solution enables clinicians to accurately monitor weight changes, and react to patient needs promptly using off the shelf components that substantially reduce the cost of deployment.  This improves overall management of the patient through connected care, reduces healthcare costs and reduces the number of visits by patients to hospital. HeartPhone combines mobile phone, Bluetooth, sensor technology and expert system analysis to provide reliable information and alerts to the clinician.
There are few other systems commercially available that usefully exploit mobile phone technology to monitor the weight of congestive heart failure patients remotely and while HeartPhone’s primary application area is connected healthcare for congestive heart failure patients, the technology can also be applied to other conditions.  NDRC expect that HeartPhone will come to market in 2011 with a focus on Health Maintenance Organisations (HMO), the Irish HSE and UK NHS as well as health insurance companies.
NDRC: Technology Enhanced Therapy: I-Steps
I-Steps is a platform which enables the creation and integrated delivery of computer supported mental health intervention programmes.  I-Steps is flexible and can be used to create and deliver a wide range of intervention programmes including cognitive behavioural therapy programmes to tackle depression and anxiety and stress management and life skills learning programmes.  Traditional treatment approaches rely heavily on face-to-face contact between therapist and client however a stepped care model incorporating computer support can increase the capacity of services, and provide a service more tailored to client needs.   Programmes are created by combining therapeutic resources in a structured manner.  Examples of resources include psycho-educational materials, monitoring activities (e.g. a mood diary), interactive therapeutic exercises and shared multimedia stories. I-Steps uses evidence based approach, focused on clinical outcomes and is fully compliant with the regulatory and ethical requirements of the mental health domain. The NDRC expect the project to I-Steps to be available to the market in approximately 2 years with a focus on the Irish HSE, the UK’s NHS and Health Maintenance Organisations.
UL: Getting the Balance Right

This suite of projects represents the collaboration between UL and the Multiple Sclerosis Society.  Initial work has suggested extremely beneficial effects of physiotherapy exercise programmes for individuals with MS. However, physical activity levels in people with MS are low, and they are at risk of secondary hypokinetic diseases as a result. The team is currently validating small sensor based measurement tools against laboratory measures of physical activity and energy expenditure with a view to their application in the clinical and community environments. The aim is to acquire data on both the activity levels and the energy used for structured exercise and activities of daily living. Future work will investigate the effect of various treatment regimes on 3D motion analysis, resulting energy expenditure and physical activity levels. 

Furthermore, there are several projects that investigate the application of technology in rehabilitation. A project investigating the use of electrical stimulation devices as an adjunct to physiotherapy interventions for those with MS using walking aids is underway in partnership with BMR Neurotech. An additional project will investigate the application of rehabilitation robotics for the rehabilitation of arm movement and function for those with significant disability due to MS. 
UL: Measuring Physical Activity and Cardiovascular aspects of Rheumatoid Arthritis
Rheumatoid Arthritis (RA) affects 400,000 people in Ireland. UL researchers are currently measuring physical activity levels in people with RA using SHIMMER sensors (See page 16). SHIMMER allows for the measurement of physical activity using accelerometry and other physiological variables including ECG. This three year project is co-funded by IRCSET and Intel, and is in collaboration with the Rheumatology Department in the Mid-Western Regional Hospital. This is the first study of its kind in the world to objectively measure physical activity and ECG using SHIMMER sensors in this patient group. 
UL: Measuring physical activity profiles and psychological variables of people with chronic Low Back Pain 

UL researchers are currently investigating the physical activity profiles of people with chronic low back pain attending a Specialist Pain Clinic. Using Activpal accelerometers and measuring a number of psychological variables, the research will further unravel the complex links between low back pain, physical activity and the psychological aspects of the condition. Funded by IRCSET, this 3 year project is being undertaken in collaboration with the Pain Department in the Mid-Western Regional Hospital, Limerick.
Health Informatics

Health informatics is the intersection of information science, computer science, and health care. It deals with the resources, devices, and methods required to optimise the use of information in health and biomedicine.   The holy grail of health informatics is the integrated electronic patient record but much of the research also focuses on health service management, electronic prescribing, care-pathways and multi-disciplinary collaboration.
HSE: Health Atlas Ireland

Health Atlas Ireland
 is an open source application developed to bring health related datasets, statistical tools and GIS together in a web environment to add value to existing health data. The application enables controlled access to maps, data and analyses for service planning and delivery, major incident response, epidemiology and research to improve the health of patients and the population. Health Atlas Ireland is built upon open source software allowing it to capitalize on worldwide expertise without software licensing cost. Web access to powerful statistical, geographical and database components provide a cost-effective solution to health intelligence. Health Atlas is a ‘voyage of discovery’ for health service planning and health event data analysis. The purpose of the system is to help answer questions related to health events, emergency response, health services and demographics, initially in the Republic of Ireland and eventually worldwide as related to Irish Health Services.
DERI: Linking Open Drug Data project

DERI is a the Irish partner in the Linking Open Drug Data project
 , the objective of which is to link, through the use of semantic link discovery techniques, the various sources of drug data in order to address scientific and business problems.  It provides end points (API) that can be used by applications to manage data sets.  

The group is also working on the aTag project, which concerns the use of associative tags (aTags
) as a means of capturing biomedical statements (in RDF/OWL format) and publishing them on the web. This project is being carried out in cooperation with the BioRDF task force of the Semantic Web for Health Care and Life Science Interest Group of the W3C. 

DERI: Plug and Play Electronic Patient Record

In the Plug and Play Electronic Patient Record (PPEPR) project, DERI developed a hub which communicates (through the use of the XML based HL7 v3 protocol) between different Electronic Patient Records and which can be used as part of a larger application. 

This project, which was funded by Enterprise Ireland, finished in March 2009. So far it has been licensed to one Irish company.  Researchers at DERI believe that through the application of semantics that they are well on the way towards enabling the vision of Plug and Play Electronic Patient Records (PPEPR).

DERI: SQWELCH project

The SQWELCH project developed an environment based on HTML5 in which users can compose applications without having to write any code. The goal is for the patient to be able to select health and non-health widgets to access their health record as well as other areas of interest. SQWELCH is a stand-alone application which uses some open source code and has been released as open source code.

DERI: RIDE

RIDE
 is a 6th European Framework Program project for interoperability of e-Health systems leading to recommendations for actions and to preparatory actions at the European level. DERI is collaborating with eight other research organisations as part of this project which has provided excellent insight into the interoperability issues within healthcare.

TCD: Multidisciplinary team meetings
Multidisciplinary meetings are now recommended as part of patient care pathways for many diseases and conditions to confirm the definitive diagnosis and agree a recommendation on the most appropriate treatment strategy for the patient in the circumstances.  Yet, these meetings are poorly supported technologically.  The multifunctional nature of the meeting makes this complex setting worthy of special research attention.  This research is investigating how collaborative tools might be usefully applied to add dependability to the overall patient management process. A related project, ECOMMET, supported by Science Foundation Ireland, is investigating the human and technological issues involved in building advanced computing support for collaboration, production and access of electronic medical records in those contexts. 
Photonics and Imaging Technologies
The term biophotonics denotes a combination of biology and photonics, with photonics being the science and technology of photons, quantum units of light. Biophotonics has therefore become the established general term for all techniques that deal with the interaction between biological items and photons.  Photonics and imaging have been identified as technologies of exceptional importance for a knowledge based economy, particularly in their application to life sciences and health. Photonics is now one of the five key enabling technologies of the EU seventh Framework programme. 
National BioPhotonics and Imaging Platform of Ireland
 

The National Biophotonics and Imaging Platform of Ireland (NBIP Ireland,) was established in 2007 (after a 3 year planning phase) through a grant of €30 million by the Higher Education Authority of Ireland PRTLI Cycle 4.

NBIP Ireland consists of a consortium of imaging and biophotonics laboratories from across the Universities and Institutes of Technology in Ireland (Royal College of Surgeons in Ireland, Dublin City University, University College Cork, University of Limerick, National University of Ireland Maynooth, National University of Ireland Galway, Trinity College Dublin, Dublin Institute of Technology, Dundalk Institute of Technology) and from three EU networks; Centre National de la Recherché Scientifique Montpellier (France), the CNR Institute of Biostructure and Bioimaging, Naples (Italy) and The Nordic Imaging Network. 
Approximately 102 researchers (including principal investigators, post-docs, post-grads, research assistants and technicians) have been involved in NBIP Ireland Research Projects since the platform was established in 2007. Ongoing projects are as follows:

Research Demonstration Projects

· Apoptosis and cancer: Apoptotic signalling through Bcl-2 family members: From advances in single cell imaging to new systems approaches

· Cell Signalling and Molecular Endocrinology: Responses to steroid hormones and secretagogues

· Neuroscience: Visualization and image analysis of neural injury, plasticity and repair

· Cardiovascular Research: Dynamic changes during thrombosis and atherogenesis

· Vascular disease: New diagnostic and targeted tools

Imaging Technology Core Projects 

· Cellular Computer Vision Imaging Technology Core (ITC-1)
· Automated Live Cell Image Analysis (ITC-2) 

· IMMT - Image to Mathematical Model Transition (ITC-3) 

· Enhanced Retinal Imaging for Early Detection of Disease (ITC-4)
· Patterned Microculture of Endometrial Epithelial and Stromal Cells in Microfluidics Chambers and Stereology (ITC-5) 

· Optical Imaging Techniques for Assessment of Microcirculation and Skin Aging (ITC-6) 

· Spectroscopic Imaging Techniques for Cancer Diagnosis (ITC-7) 

DCU: Centre for Image Processing and Analysis (CIPA) 

The core e-Health expertise provided by CIPA is in its ability to develop and design novel computer based solutions that will allow the automatic extraction of key biomedical image features with a view to a robust and reliable quantitative analysis, classification and/or tracking of key biomedical diagnostic data. The key focus is in computer aided detection (CAD) / diagnostic translational research. CIPA is a part of the National Biophotonics and Imaging Platform Ireland [NBIPI] (HEA-PRTLI IV). Since 2007 CIPA has filed 7 patents relating to e-Health and has successfully licensed its CAD-CTC (automated polyp detection for colon cancer diagnosis) technology to a UK Medical imaging company.
TCD: Endoscopy Quality Measurement

In 2003 there were 7 million colonoscopies with a 10% growth in volumes, a major increase in this rate is expected as national screening programmes are rolled out in the US and EU.   The quality of colonoscopy has recently come under scrutiny with major inter-endoscopist variation in detection rates.  Previous measurements such as withdrawal time and cecal-intubation rates have been shown to be unreliable methods of measuring quality.  

The Endo-View project is developing a range of low-cost technologies to automatically measure the quality of an endoscopic procedure.  Image processing and sensor technologies have been developed to measure proficiency of endoscopists, the percentage visualisation of the lumen of the colon and to automatically detect polyps.  A patent application has been filed and is currently at PCT stage.  The technology is currently being evaluated in St Vincent’s Hospital and Beaumont Hospital.

TCD: Image annotation
e-Health systems, ranging from Electronic Health Records systems to health management systems and from mHealth systems to healthcare information systems, currently focus on the retrieval of numbers and textual data only.  The images associated with diagnosis, therapy, and research studies are dealt in an ad hoc manner.  In the next 3-5 years there will be a need for a secure system that can be used at high-speeds to retrieve diagnostic or therapy-related images, say of a patient, and to compare and contrast a given image with other stored images.  The images will have to be annotated with keywords so that end-users can search through the data base much like people use search engines.  

Project Séiplíneach (from the Irish for curation) was established in 2006 to study how medical images, especially images of (individual) cells under different experimental conditions, can be annotated automatically for subsequent keyword-based retrieval.  An annotation system, CITU,  developed in the project, based on neural computing techniques, uses a set of training images and collateral keywords to automatically relate keywords to key visual features and vice versa.. The system can learn to annotate images and once trained can help in annotating yet-unseen images.  

TCD: Centre for Research on Adaptive Nanostructures and Nanodevices (CRANN)

CRANN is the leading institute for nano-science research in Ireland. It is comprised of a team of over 200 researchers, led by 19 Principal Investigator (PIs).  CRANN works to develop new knowledge of nano-scale chemical and physical phenomena, with a particular focus on new device and sensor technologies.

The CRANN facilities include a stringent environment to meet the demands of precision nanoscale measurements, and a number of specialised labs dedicated to photonics, nano-biology and material synthesis research.  The CRANN Advanced Microscopy Laboratory allows for e-beam lithography down to less than 10 nm.  This laboratory also houses the CRANN Helium Ion Microscope, which is one of just ten installations worldwide.

Researchers at CRANN are engaged in advances in NanoMedicine, biomedical applications of nanotechnology and surface science, magnetic and fluorescent nanoparticles for ultrasensitive biomarkers detection, nanoparticle interactions with live cells, organelles and extracellular structures and new nanoscale drug delivery systems. 

The team at CRANN are also involved in the interdisciplinary NanoMedicine and Molecular Imaging group at the Department of Clinical Medicine, Trinity College Dublin
 and co-ordination of a large scale EU FP7 project “Nanotechnology toolkits for multi-modal disease diagnostics and treatment monitoring” (2010 – 2014), which represents a consortium of 22 academic and industrial partners from 12 countries.

BioBank and Clinical Trials

A biobank is a repository of personal demographic information, linked to medical history, physiological parameters, and blood and tissue samples.  Together these can form the basis for a better understanding of disease predisposition and support clinical researchers in developing screening tests, targeted diagnostics, more accurate prognostic measures, and new therapeutic strategies.  A systematic biobanking of patient related data and biosamples offers a highly valuable resource for future clinical trials. 

Researchers engaged in clinical trials routinely have the need to store, manage and analyse information related to trial participants and their blood and tissue samples.   Several factors mean that Ireland is not currently in a strong position with regard to the creation of a national biobank.  However, with our strong bio-technology and software sectors, Ireland is in a good position to advance the underlying ICT technologies to support biobank and clinical trials information management.
Given the small population size and relatively small research community in Ireland it is probably not economically viable to create tissue banks to provide coverage of more than the high-incidence disease categories such as cancer, COPD, heart disease and diabetes.  To do this is a significant undertaking requiring a sustained funding structure, adoption of a bio-bank management and information system as well as the establishment of ethical and privacy guidelines for researchers, clinicians and commercial interests.
Biobank Ireland Trust amongst others is working in this area towards  the development of an Irish Hospital Biobank Network to coordinate collection of small samples of cancer and normal tissue and coded patient data from those having a cancer operation.  To date the following hospitals are participating in this initiative, St James’s Hospital, Beaumont Hospital, Cork University Hospital and University College Hospital Galway.

DERI: Clinical Observations Interoperability

Another of DERI’s research areas focuses on recruitment for clinical drug trials. Clinical Observations Interoperability (COI) is a W3C project which focuses on a semantic web approach to eligibility screening for clinical trials. DERI is one of the major developers in this project the results of which are available as open source code
. 

DCU: Centre for Scientific Computing & Complex Systems Modelling (SCI-SYM)

Recent advances in health-related sciences, such as the sequencing of the human genome, have led to a rapid increase in the level of information available on biological systems. The challenge is to integrate these data and extract meaningful information which can be translated into practical health benefits. DCU’s SCI-SYM researchers and their collaborators use a range of advanced computational tools to model and analyse biological systems in order to gain an integrated view of how disease states occur. Research involves close collaboration with biological centres and aims to translate findings into practical applications.

Expected outcomes/applications include identification and information on basic mechanisms and therapeutic intervention targets from modelling: 

· Immune response to virus invasion. 

· Drug dissolution/pharmacokinetics.

· Antibiotic resistance mechanisms in pathogenic bacteria. 

· Impact of epigenetic changes on tumour development.
· Modelling host and pathogen protein evolution with other Bioinformatics studies of evolutionary processes.
DERI: Translational Medicine and Life Sciences (Drug Development)
The goal of this research is to investigate, and propose, an approach that enables the re-use of common observation models across clinical practice and clinical trials. This research project will adopt Semantic Web specifications and technologies and will align itself with research underway in the W3C Healthcare & Life Sciences (HCLSIG).
The research at DERI aims to 

· Provide a scalable infrastructure which will enable the integration of Clinical Research and Clinical Practice based on observations of patient data taken at the genomic level.  
· Provide infrastructure to enable the continual feedback of patient reactions to drugs to speed up the drug development process.

· Provide infrastructure and establishment of semantic methods to enable the adaptable, robust, and scalable methods to aid in the efficient recruitment of patients for Clinical Trials.

· Develop standards, or modifications to existing standards within Clinical Practice and Clinical Research to allow them to interoperate more naturally.
TCD: Biobank information management 

Building on several years of research into interoperable EHRs, the Centre for Health Informatics together with the Trinity Centre for High Performance Computing have developed a Biobank Information Management System (BIMS) to support the multi-institutional prostate cancer biobank. This involved a coordinated inter-institutional inter-disciplinary approach. This research has spun off a number of other initiatives in the broad area of health informatics/biomedical informatics, namely a secure system for identifying and tracking biological samples using RFID. In addition, the research is building on the experience gained with the development of the prostate cancer BIMS to investigate a generic approach which will be customisable to any study or disease. The aim of this research is to develop a generic Electronic Biomedical Research Record (eBMRR) in which clinical, sample, and omic data about an individual donor are brought together in a single record to support knowledge discovery and data mining. Sets of these records can then be combined to form study populations. Currently most BIMS have to be either built from scratch or require very heavy customisation for each study. This approach exploits the standards-based solutions to the development of EHRs which allow clinical information to be shared securely and consistently. 
UCC: Eldermet

The ELDERMET project is using cutting-edge pyrosequencing technology to determine the composition of the intestinal bacteria (microbiota) and the influence of, and on, health, diet and lifestyle.  This is one of the largest studies of this kind ever undertaken and comprises 500 subjects at all levels of health.  Clinical and sequencing data are stored centrally using a web-based system that allows multicentre participation, providing an invaluable electronic resource for ongoing and future analyses.  A novel compositional bioinformatic analysis pipeline developed as part of the ELDERMET project has provided the deepest microbiota sequencing of individual gastrointestinal samples reported to date.  UCC researchers have also developed custom software to allow us to interrogate complex databases comprised of microbiota composition data and multi-layered clinical datasets. Functional and temporal analysis of the microbiota will provide the evidence-base required for the development of biomarkers of health and disease.  ELDERMET’s findings will support the development of specific foods and/or food ingredients targeted at improved intestinal function, thus decreasing disease susceptibility, infection, inflammatory disorders, cognitive disorders and perhaps even obesity.  

Biobanking and Biomolecular Resources Infrastructure (BBMRI)

BBMRI aims to construct a pan-European Biobanking Research Infrastructure, building on existing infrastructures, resources and technologies, specifically complemented with innovative components and properly embedded into European ethical, legal and societal frameworks.   
Biobanks are a key resource for unravelling the molecular basis of disease subtypes, identification of new targets for therapy and reduction of attrition in drug discovery and development.  The broad spectrum of existing biobanks in Europe is considered as a specific strength of European research.  Unfortunately the diversity, lack of standardisation, different rules of access of these biobanks and the differential ethical and legal landscape across Europe has prevented their effective use.  Development of common IT infrastructure and sustainable funding schemes are key features for large transnational projects interlinking different national and regional biobanks.  Agreement on common standards is equally important for all de novo biobanks. 
In 2008, the pan-European infrastructure BBMRI was established to bring cohesion to the European biobanking community and to make the existing and new high quality biological resources available for health research in Europe.  Organised as a dynamic distributed hub structure, BBMRI acts as an interface between cutting edge medical research and the EU population.  BBMRI is in its preparatory phase and has received €5M funding from the European Framework Programme 7. 

Networking and harmonisation of biobanking across Europe will increase the success of coordinated, large-scale biomarker discovery and validation; facilitate the identification of susceptibility genes and their association with environment and lifestyle factors; elucidate aetiological pathways for multi-factoral diseases and facilitate discovery of new drugs and therapies. The creation of a pan-European biobanking infrastructure will in turn allow Europe to compete at a global level thereby increasing its attractiveness for industries and world class research.
Simulation and Virtual Environments

Virtual Environments offer the possibility to simulate real world, and imaginary, environments in a computer and allow the user to interact with the environment and virtual artifacts in the environment.  Users can have a virtual persona and undertake activities through this persona as well as interacting with others.  High-precision virtual environments can be used to simulate complex tasks and therefore facilitate training of professionals giving them all the visual, auditory and tactile experience of performing the tasks without any of the associated risks.
NDRC: HAYSTACK

The Haystack project is a collaboration between NDRC, the HSE (Cork University Hospital Department of Anaesthesia), and UK-based company MedaPhor Ltd.  Through Haystack, the UCC research group behind MedCAP (an EU-funded novel form of competence assessment for medical procedures) have brought a similar methodology and “design-based” approach to simulation.  Haystack designs, develops, and validates a simulation environment giving a doctor the visual and touch sensations of guiding an ultrasound probe in a virtual body.  Hapto-visual simulation of medical procedures can provide a safe, effective, and realistic learning experience particularly in areas where expertise is scarce.

TCD: Virtual community for children in hospital

The Centre for Health Informatics
 has been responsible for the development of an innovative virtual community/web portal for children in hospital. The basic system known as Ait Eile
 is in routine use in 14 hospitals across the country. It offers entertainment, education, distraction, and collaborative activities for these children and the evidence of over 7 years of use suggests that it can make an important contribution to supporting these children at a difficult time in their lives. A variation of Ait Eile, called Solas
, has been developed specifically for use by children in isolation (e.g. for leukaemia or burns treatment) where the children have to spend long periods of time away from friends and family. Solas has been in regular use in one ward in Crumlin hospital for over 3 years and an independent evaluation has confirmed its benefits to the children, their families and friends, and the staff. 

Opportunities for Knowledge Economy Impact
Ireland has strengths in several of the research and development aspects of e- Health, particularly in the areas of Ambient Assisted Living, Chronic Disease Management and software and sensor technologies for remote monitoring.  The following are possible initiatives that could build on these strengths and deliver impact on Knowledge Economy developments in Ireland and at the same time lead to improvements in the Irish Health Service. 
As with most advanced/western Health Services the growing incidence of obesity and related diseases (cardiac and diabetes), respiratory diseases and rise in incidence of a range of cancers (extended life expectancy) will lead to a serious increase in the cost of the national health-care service. The possibility of harnessing a range of e-Health related technologies to address these rising costs could lead to significant economic and social benefits.
Infrastructure for Remote Health Monitoring
Home deployed technology for chronic disease management and care in the elderly is developing rapidly. At the same time the planned roll-out of Smart Meters to all homes offers a unique opportunity to enable the adoption of remote health monitoring technologies by accommodating the needs of remote health monitoring into the planned Smart Meters.  

This could lead to a viable infrastructure for remote health monitoring to support the management of chronic disease as well as to facilitate remote participation in the later phases of clinical trials.  ‘Remote’ clinical trials, which are key to the approval of patient-centred products, also have huge potential in the assessment of therapeutics.  Monitoring of patients in clinical trials is costly, obtrusive and discontinuous.  Data gathered remotely will provide a more comprehensive and real-life view of the effectiveness of new interventions.

Ireland has developed international recognition through the Technology Research for Independent Living (TRIL) Centre where teams are developing distributed monitoring systems that facilitate patient monitoring in home or clinical settings. Their flexible sensor platform can be used for rapid development of wearable sensor based solutions that measure a wide range of biomechanical, neuromuscular, and physiological variables for clinical trial and other e-health applications.  Variables that can currently be measured include physical activity levels, gait analysis, HR & ECG, EEG, EMG, GSR, and cognitive function.

The TRIL Centre has developed the BioMOBIUS™ Research Platform, a combination of hardware, sensors, software, services and a graphical development environment. This platform helps therapists, clinicians and engineers to rapidly develop and deploy technology solutions for biomedical research and healthcare, and to leverage previous technology development. The same platform can also be used for unobtrusive ambient sensing (e.g. movement around the home, energy signatures for utilities utilization patterns in the home).

Clinical Trials

Ireland can build on these technologies and expertise and its strength in clinical research to advance the development of Next Generation Clinical Trials technologies. This would make Ireland a much more attractive location to the pharmaceutical industry. Ireland is in a position to leverage existing investments in distributed monitoring systems to partner with indigenous industry and develop technologies that will enable remote monitoring of Phase II and III clinical trials.

Chronic Disease Management

The TRIL researchers are collaborating with researchers in CLARITY to develop sensors applicable to a range of clinical conditions and capture real-time data to facilitate monitoring of events. These systems lend themselves to solutions in patient health – either to monitor progress (for example against a therapy plan) or to ensure early identification of more extreme health events.   In addition a plug-and-play approach to the infrastructure would allow industry participants to integrate additional health monitoring devices and to develop new services as required.

Finally, the system could be configured to monitor compliance with treatment regimes and provide a range other services related to chronic disease management thus supporting greater independence for the patient and improving the efficiency of the health service.
Chronic Obstructive Pulmonary Disease (COPD) Management
COPD, one of the most common chronic disabling conditions, is typically managed through a combination of smoking cessation interventions, patient education and counselling, drug therapy, pulmonary rehabilitation, and surgery in selected cases.

Compliance with therapy is poor and patients usually experience repeated exacerbations and hospital admissions, usually through the emergency room. The resultant gradual decline in functional independence means that patients require increasing assistance from healthcare and social services. As a result, COPD is generally associated with higher incidence of depression (40% above population norms) and poor quality of life.

COPD places a significant burden on healthcare services across the developed world accounting for over $33b dollars in costs in the USA alone in 2007. This burden is likely to increase greatly in the coming years as society faces a gradual ‘greying’ of the population. 

Moving the focus of care from the high cost hospital setting to the home setting empowers the patient to have greater responsibility and control over their own disease.  Ongoing monitoring would ensure that potential exacerbations are picked up earlier and appropriate interventions prevent the need for hospital based care. The end result is reduced burden on high cost healthcare services and increased quality of life for the patient. 
Effective home based care requires a remote monitoring protocol that can be used to monitor progression of critical clinical variables and compliance with treatment, and home therapy delivery models.

By focussing research activities from several areas already underway in Ireland we have the opportunity to create a platform for the viable delivery of home-based COPD management.

This information sharing/access platform would be based around the creation of a centrally held electronic health record for the patient that provides relevant information in a meaningful way to each of the main stakeholders in the process – the patient, their caregiver, the community nurse, the primary care physician, the hospital consultant, and the healthcare service planner/payer. 

This platform would incorporate the results from existing research groups such as CLARITY, DERI, TRIL, UCD Stim XDP Group and SVUH CRC & Pulmonary Clinical Network to address a significant Irish and world health problem.
Electronic Health Record: Enabling a National e-Health and Personalised Medicine Industry.

Electronic Medical Records are identified within the report of the Health ICT Industry Group (HISI), e-Health for a Healthier Europe (Gartner, on behalf of Ministry of Health and Social Affairs in Sweden – EU presidency) as a key technology to deliver to deliver greater access, reduced waiting times and better utilisation of records.

Various healthcare stakeholders differ on exactly what the EHR should contain; how it should be shared and who should have access to it. The opportunity currently exists to bring together a cluster of partners (industry, health service and academia) to create a framework for an Electronic Health Record, thus enabling a national e-Health and Personalised Medicine Industry.   It leverages the expertise of multinational companies with major investments in Ireland and major national investments in research and healthcare.

UCD has come forward with a proposal to develop and test an Irish model for electronic medical records within its two related teaching hospitals and their clinicians through the Dublin Academic Medical Centre (DAMC) and the UCD Clinical Research Centre (CRC).

The clinical-research focused EHR would span the Dublin Academic Medical Centre hospital group, the new Mater Hospital development, their respective Clinical research Centres and future partners. In creating a prototype for the national health system, Ireland’s ICT sector would be harnessed to develop a globally competitive industry sector.

DAMC is Ireland’s first patient-focused academic healthcare centre incorporating Mater Misericordiae University Hospital, St. Vincent’s Healthcare Group, and the UCD School of Medicine & Medical Science. Limited work has begun in this area in the Mater where Patient Centre takes and links data sets such as lab results and discharge sheets.

The UCD Clinical Research Centre (CRC) strives to improve medical care and establish new treatments for chronic diseases including end-stage kidney disease, pulmonary fibrosis and cancer. Patients donate samples to the clinic on a regular basis and the UCD CRC has conducted over 11,000 research patient visits, across 100 project areas from its clinical facilities at St Vincent's University Hospital and the Mater Misericordiae University Hospital. In addition to the Patient Centre initiative, UCD CRC has already been successful in pulling together data from numerous sources to create a consolidated patient record for clinical research purposes.

The proposal offers the advantage of a small, closed system within which both developments and releases can be tested, controlled and closely monitored across all stakeholders.  In addition UCD now has an opportunity, with the construction of the new Mater hospital, to include testing, trials and equipment specifications within its fit-out.

A key enabler to the success of the programme is the linkage and extraction of data silos within the Irish health system. With this as a starting point, application programming interfaces (APIs) could grant access to elements of these databases and thus create mash ups which start the process of record creation and data management and then add layers of intelligence. This reflects a shift in technology development from the development of a bottom up all-encompassing structure to user definition of linkages based on open access facilitated by APIs.

 While culture change and non-technical links will take time to develop, novel web based technologies (webscale makes vast sources of information manageable) will enable Ireland to dramatically reduce this timeframe.

The technology developed could

· allow the construction of the EHR from existing data sets 
· incentivise the engagement of Ireland’s ICT sector by providing the standards for potential vendors

· enable clinical trials, thus attracting investment by the pharma industry 
· provide a resource for health service, experimental medicine and population health research.

The proposal could develop the standards for e-Health products destined for Ireland’s health service, thus providing a ‘pull’ for the ICT sector. Application programming interfaces (APIs) could be developed to grant access to elements of key existing databases over which vendors can add layers of intelligence.

The system would be an ‘opt-in’, meaning that patients would provide consent for their information to be used in clinical research, clinical trial development, population health and audit of clinical activities. Savings achieved would contribute to the development of the system. The system would integrate the EHR with sponsor trial CRF in real time, automating the data validation and accelerating data transfer. The system would enable development of personalized medicine by linking to personal and publicly available genomic, proteomic and metabolomic data. The proposal could enable additional e-Health developments, such as homecare (e.g., TRIL), electronic prescriptions and primary care-to-hospital engagement programmes.

The list of interested participants includes CLARITY, IBM, HP, PEL, JAVA Clinical Research and DAMC.
Maternal and Newborn Clinical Management System (MN-CMS)

This project is based on the work of three Dublin maternity hospitals (Coombe Women &Infants University Hospital, National Maternity Hospital and the Rotunda Hospital). The aim of the project is to develop an electronic platform that can be used across all services and locations to support the necessary maternity and neonatal workflow and include clinical and management interfaces.   The new system will be installed in the 19 public hospitals which have maternity hospitals and also could be installed in private hospitals. 
The patient benefits include reduced risk management and reduced incidence of error. The operational benefits include standard data definitions facilitating the compilation of agreed standard datasets and improved efficiency of communication within the maternity and neonatal services. 
The system could significantly contribute to the reduction of medical negligence cases in the maternal and neonatal areas.

Increased emphasis on disease prevention approaches incorporating a range of e-Health related technologies  
Childhood Diabetes

Addressing the growing problem of obesity is essential.  The early monitoring of childhood diabetes and an associated awareness campaign would have significant impact. The establishment of a national scheme to monitor the entire school population by creating a data-base which would be updated regularly would provide key data including data on individual children over time. This evidence based monitoring approach would have significant impact on the prevention of disease development.  This national monitoring approach would draw on advanced data collection, storage and data mining together with a range of sensor technologies. Ireland has a strong technological base in these areas and the establishment of such a national programme would raise Ireland’s profile in e-Health as a leader in the monitoring and prevention of childhood obesity.

Cardiac  
Similarly the early and continued monitoring of a range of cardiac blood markers could have significant economic and social benefit. Ireland has a significant strength in sensor technology (DCU and Tyndall UCC) and the use of this technology would allow remote/home monitoring of these cardiac markers in order to early detect and prevent disease development.
Cancer

The convergence of genetic marker development and sensor technologies offer opportunities in the early detection and monitoring of a range of cancers. Ireland has significant research strengths in both these areas and is well positioned to provide innovative state-of-the-art diagnostic services/products.
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	The Royal College of Surgeons in Ireland 
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