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1.3
Title of the project
Apps4Life: A platform for self-management of COPD patients with a growth potential to other applications in healthcare.
1.4
Summary of the proposal
The WHO has forecast that the number of people aged over 60 years will soon reach 2 billion. This ageing trend is fueling a dramatic increase in the prevalence of disability and chronic illness, with enormous impact not only on individuals but also on the countries’ healthcare systems and economies. An emerging solution to alleviate this burden is to empower patients with self-management technology; there is increasing consensus among health care professionals and patients alike that many chronic disorders can be managed better in the home environment than in an outpatient clinic or hospital. In this setting, our research focuses on smart care-assistants, where smart refers to the ability of drawing clinical conclusions about the patient’s health status without human intervention.
Over the past few years, an ideal platform for delivering these assistants has matured in the form of smartphones: they are among the most sophisticated and versatile, yet small, networked computing devices available, and have become cheap because of heavy competition. The project’s research team has developed prototype smart care-assistants for specific diseases, in particular for chronic obstructive pulmonary disease (COPD), as smartphone apps. Those apps can automatically detect deteriorations in the patient’s disease status requiring medical intervention. Such decisions are based on patient data interpreted by a validated Bayesian disease model located in the smartphone; data are obtained from the patient, the hospital or general practitioner, and from sensors communicating with the smartphone. The smartphone will also prompt the patient to take action and offers appropriate feedback to both patient and caregivers. Our first focus will be on the prevention of exacerbations of COPD in patients with the aim to avoid hospitalization and to maintain the quality of life of the patient.
A small trial with 5 patients already proved the value of the system. Based on these experiences and together with a health company we wish to prepare a business plan for the further commercialization and exploitation of the COPD application, with a possibility for growth to other application areas in a later stage.  
This project takes a first step by addressing all critical points and proving the value of the system. In the project hereafter (phase II) we will concentrate on business planning and fundraising. Our aim is to establish the start-up company “Apps4Life”, which will focus in first instance on the development and exploitation of the COPD application and at a later stage on other healthcare problems. 
2.
Business idea
2.1
The problem
Chronic obstructive pulmonary disease (COPD) is a common, costly and preventable disease that has substantial implications for the health of people worldwide. Although it is preventable and treatable, it remains a significant public health problem in any industrialized country and is particularly prevalent in the elderly population. COPD patients experience a progressive deterioration up to end-stage disease, characterized by severe airflow limitation, severely limited and declining performance status with chronic respiratory failure, multiple comorbidities and severe systemic manifestations and complications. Airflow limitation is usually both progressive and associated with abnormal inflammatory response of the lungs to noxious particles or gases. COPD includes chronic bronchitis, emphysema and chronic asthmatic bronchitis.
Accord to the European Lung White Book COPD is the only leading cause of death that is increasing in prevalence worldwide [1]. The WHO has made worldwide estimates of mortality rates for COPD. This Global Burden of Disease Study has projected COPD mortality rates from 1990-2020 and estimates that COPD will account for over 6 million deaths per year in 2020, which will move COPD from the sixth- to the third-leading cause of death worldwide over this period. Unlike many leading causes of death and disability, COPD is projected to increase in much of the world as smoking habits rise in many countries and the population ages.
Major cost driver in COPD management in various health care systems is hospitalization, mainly caused by (acute) exacerbations. Acute exacerbations of COPD (AECOPD) are important events in the course of the disease that may cause serious morbidity, hospital admissions, and mortality, and strongly influence health-related quality of life of patients.
COPD is amenable to management outside the hospital; exacerbations are common in the severer cases (GOLD III & IV) and normally require emergency care and subsequent hospitalization. The challenge is to prevent such exacerbations by early detection and to offer adequate, timely treatment immediate after the risk for an exacerbation has surpassed a certain threshold.
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Figure 1: Schema of the various components of the smart care-assistant.
2.2
The proposed solution
Our proposed solution consists of a smartphone
 with computer-based decision-making software, medical sensor devices (e.g. pulse-oximeter, microspirometer) that wirelessly transfer patient data to the smartphone, and extensive wireless communication capabilities to help patients improving the management of their disease as presented in Figure 1 above. Improvement of the management of chronic diseases such as COPD  is attractive for the following reasons:
· It may reduce the frequency of readmission to the hospital, thus offering potential for healthcare costs savings;
· it may have a positive effect on the patient’s quality of life, since the patient’s health may become more stable during a longer period of time;
· it may reduce the frequency of occurrence of exacerbations and it is known that this may slow down the progression of the disease, whereas frequent exacerbations have a negative effect on the life expectancy.
In practice, the only way to do this effectively is by measures for self-management, i.e., disease management taking place outside the hospital with a crucial role for the patient.
With the recent widespread availability of smartphone technology, healthcare has gained a new, versatile and powerful platform for self-management of disease, paving the way for mobile health, usually abbreviated to mHealth. The easy availability of personalized medical decision support is also an enabling factor for patient empowerment, a promising healthcare concept that assumes that patients themselves should take responsibility for their own health. 
Computer-based decision-making using patient data requires statistical models on which decisions can be based. Bayesian networks will be used in the project within the smartphone to represent uncertain biomedical disease knowledge. Clinical data obtained from interactive question-answering and measurement data from the medical sensors will be used by the Bayesian network models to assess the health status of the patient. The output of the system will be a prediction of an upcoming exacerbation, offering an opportunity for timely treatment, thus preventing emergency care [2]. The advantages mentioned above resulting from improved disease management then follow almost automatically. The work is done by a multidisciplinary team consisting of computing scientists and engineers, on the one hand, covering the technical aspects, and biomedical researchers and medical specialists, on the other hand, to deal with the healthcare issues. The involvement of an entrepreneur in the team ensures that market and commercial considerations will be taken into account from the outset.
At the moment few telemedicine solutions are in actual use and decision-making based on the gathered patient information is still done remotely by caregivers, requiring a considerable amount of effort and healthcare costs due to intensive involvement of medical personnel, although the patient is comfortably at home. Apps4Life will solve these shortcomings through market introduction of an advanced mobile care-assistant home monitoring solution, in other words a smart care-assistant, which will have the following benefits in contrast to earlier phone-based eHealth and telemedicine solutions:
· Powerful engine: smartphones possess sufficient computing power for running signal interpretation and decision-making algorithms at sufficient speed on the device itself.
· Extensive communication facilities: smartphones offer personal feedback and more communication facilities anytime and anywhere.
· More functionality: the smart care-assistant platform will offer a variety of functionality options, ever increasing with new platform releases. This makes it possible to easily extend the application with additional features in future (e.g. questionnaires from Health Insurance Companies, COPD training programs).
· Generic platform technology: building a generic platform will allow using the technology for the management of not only COPD, but multiple diseases (e.g. diabetes mellitus type 2, congestive heart failure) moving an even bigger part of the clinical decision-making process from the clinic to the home environment.
· Improved quality of life: early detection of exacerbation prevents deterioration of the lung tissue damage and thus further decrease of lung function. Personalized medical decision support will pave the way for patient empowerment: patients can take back control of their own health and life, increasing their independence and thus quality of life.
· Healthcare cost-reduction and care efficacy: early detection of exacerbations and moving the clinical decision-making process from the clinic to the home environment leads to a significant reduction of hospitalization hours and efforts from caregivers, ultimately decreasing healthcare cost significantly.
In the initial, first phase of the project, Apps4Life will focus on the development of an improved smart care-assistant system for COPD mHealth. When the COPD application has proven its success, we plan to extend the system towards a generic platform such that self-management for other diseases can also be handled.
2.3
Innovative aspects
The innovation of the proposed solution lies in the completely new concept of a smart care-assistant and monitoring system. More specific innovations are:
1. It is the first mHealth system that are able to draw conclusions about the patient’s disease status autonomously, and it is this aspect of the envisioned product that will allow us to offer a contribution to saving costs in healthcare.
2. Deployment of the smart care-assistant in healthcare will provide an extremely valuable continuous source of patient data. This will solve the often encountered problem of lack of data for constructing reliable prediction models. With sufficient data, it is possible to develop and validate better models. This provides Radboud University and UMC St. Radboud with the opportunity to quickly and cheaply develop better models, such as for COPD. 
3. As COPD is only one of the chronic disorders for which a smart care-assistant may offer an appropriate solution, another innovative aspect of the envisioned future work is the creation of generic software supporting the development of smart care-assistant apps for a variety of disorders, thus allowing covering a broad healthcare market.
4. For the COPD patients we intend to target first, we will incorporate other innovations for disease monitoring, such as an H2O2 sensor to replace the pressure-differential measurement-based spirometer in the current prototype system to render the resulting system more user friendly.
5. At the business side, the decision support software on the device will allow for online updates of the model, so that once a model is validated, it can be immediately deployed, improving the prediction accuracy of the product. 
6. The devices can be used to quickly test new research hypotheses on a targeted group of patients in a given area, e.g. by:  
· evaluating different questionnaires and training procedures
· comparing and evaluating different sensors
· giving instructions to patients through the device
2.4   Commercial aspects
Based on information from the medical world and a quick screening of the literature the following prudential calculations can be made. In the Netherlands around 328,000 people are diagnosed with COPD of which 59,000 suffer from severe and very severe COPD (GOLD category III & IV). The average hospitalization stay of COPD patients is 7 to 10 days per year per stay, resulting in 600 to 800 mEuro of direct costs per year due to exacerbations. Up to 47% of hospitalization can be reduced by remote monitoring corresponding to a yearly reduction of direct costs per COPD patient of 4.5 to 6.5 kEuro. Considering these figures the market potential and impact of the Apps4Life system will be huge, socially and economically all over the world. Further and thorough investigation of the market potential and healthcare cost savings nationally and internationally is an important part of the first phase of this project as is the systems cost effectiveness and total cost of ownership (TCO). After successful outcome of this first phase investigation a Corporate Operational Plan will be setup for commercial development of the COPD home monitoring system as basis for a new startup company (Newco) “Apps4Life”.
The time to market can be short. We already developed a fully functional prototype system (smartphone, software, devices) and validated its usability on a small number of COPD patients. After establishment of and obtaining funding for the Newco a trial with ~100-200 COPD patients will be executed after which implementation of the system might be started. Parallel to the trial the system devices will be further developed.
The companies listed below might act as a basis for cooperation and growth
From a preliminary investigation of the market we can conclude that there are currently no competitors. Only a few companies have activities in the home-motoring area. Most of them focus on eHealth monitoring solutions, i.e., collected patient information is not automatically interpreted, none of the commercially offered devices have the ability to predict exacerbations as we intend to do in Apps4Life.
Intel: Intel developed a system, initially applied in the context of COPD, for prompting patients to take their medications and record their symptoms and includes the potential for video-consultation. The system does not have the potential to predict exacerbations. Intel can be an interesting potential partner in adding additional value to our system/service and growth.
Philips: Philips has the ambition to grow and innovate in the telecare and domotica market and is involved in the field of patient monitoring systems and telecare applications for patients with chronic diseases for which they setup a joint cooperation with Achmea Healthcare. Philips is an  interesting business partner to us for cooperation and growth.
Roessingh: Roessingh Research and Development (RRD) has a mission to generate innovations in rehabilitation care through top class academic research. For COPD, the focus is mainly in the area of training programs for prevention. Discussions have already taken place with Roessingh and they are interested in cooperation. 
2.5
The IP position
A patent numbered 11172416.7 and by the name of P.J.F. Lucas (“patient mobile computing system and method for exacerbation prediction”) has been filed to the European Patent Office.  An extensive search report indicates that there are no infringements of the claims in the patent application on existing patents of third parties. Radboud University Nijmegen has the intention to pursue the patent application and to transfer the patent directly to the start-up company Apps4Life by means of an exclusive license for a fair market price (without upfront payments).
We are in contact with two device manufacturers that are in the possession of patents on specific technologies for breath analysis (tidal breathing and H2O2 sensing). These technologies may have a role in the future development of sensors for the smart care-assistant. With those companies we intend to set up collaboration.
3.
Project plan
3.1
The aim of the project
Ultimate goal of the project will be to develop a generic software platform as a basis for smartphone care-assistants for different disorders. The services that can be provided with this platform are remote patient monitoring, instant health-status feedback and advice to patient and healthcare practitioner. This platform will be developed with our prototype smartphone-based system for the detection of exacerbations of COPD as a start. This prototype system was developed as part of the ZonMW project AERIAL (see below). Although not yet suitable for commercial exploitation, this system has allowed us to study the usability of such a device in collaboration with clinical partners [3]. Phase 1 of the project is limited to  improving the current software and hardware, such that it can be used for a large-scale clinical evaluation with COPD patients in a follow-up to phase 1. 
The overall functionality of the system consists of a disease-related set of questions that will be asked by the smartphone to the patient at regular times according to the schedule programmed in the server. Next, the patient is asked to perform some measurements using medical sensors. The sensors that were used in the prototype are a spirometer and pulse-oximeter. As an alternative for the spirometer, we will also investigate the use of SenzAir’s H2O2 sensor, because of its higher accuracy and more reliable output.  Using the H2O2 sensor instead of the conventional spirometer would make the monitoring system easier to use by patients and potentially also more reliable as COPD patients often have difficulty in producing a forced expiration of air.
After the questionnaire, spirometer/H2O2 and oxygen saturation measurements, the Bayesian network model uses this new data, in combination with historical data and a clinical patient profile, to generate an up-to-date prediction on the patient’s health status and risk of an impending exacerbation. Regular repeats make it possible to monitor the progression of the patient’s disease in time, allowing to show trends. In this way an upcoming exacerbation can be predicted at an early stage allowing early treatment.
We intend to establish a startup company (Apps4Life BV) for the further development, validation and exploitation of the system, initially for COPD patients. At the same time Radboud University will focus on the development of other clinical applications, such as for pregnancy disorder and heart failure self-management. The business development will be carried out in close cooperation with Lavoisier BV, a company specialized in new business development in healthcare. 
Phase 1 of this project is a feasibility study. The aim is to get a clear picture of the market and the technological risks involved: 
· technological development: define product and system requirements, development steps, and identify technological risks, planning, development costs, potential industrial partners, and IP position;
· commercial feasibility and market potential: investigate specific patient needs, efficacy, usability by patients, medical acceptance, captive market, addressable market, competitors, potentials given the financial structure of healthcare in and outside the Netherlands, and the benefits for health insurance companies.
3.2
Description of work
Technical aspects of work
In phase 1 of the project, we will turn this prototype system described above into a stable and user-friendly demonstrator that is suitable for  use in a future clinical trial with ~100-200 patients. Work to be done concerns software and hardware development. The software forms the basis of the app running on the smartphone and of the server that is used to synchronize the smartphone with a given schedule for treatment monitoring. The server is also used to collect patient data. Hardware consists of a Bluetooth communication device, and sensors.
The following work in phase 1 will be done with respect to the software in the following workpackages (WPs):
· WP 1: decouple app (client) software from server software by definition and implementation of a flexible protocol. This will allow use of other computer servers than the one we are currently using for our research.
· WP 2: replace current experimental server (defined in a rapid workflow development language) by stock components such as PHP and MySQL.
· WP 3: develop our own inference engine to replace restrictively licensed and feature-limited Bayesian-network software currently in use.
· WP 4: define software quality requirements and validate them.
Work on improved hardware that will be carried out during phase 1 in WP 5:
· the expensive, commercial general purpose signal processing and Bluetooth communication device that is part of the present prototype system will be replaced by a dedicated and small Bluetooth communication device. This device will be developed by the TechoCentre of the Faculty of Science at Radboud University.
· improved versions of the spirometer, such as the SenzAir H2O2 sensor, and pulse-oximeter will be integrated with the improved hardware and software.
At a later stage, beyond  phase 1, we intend to develop a generic software platform for smart care-assistants. This requires a better separation of user interface, probabilistic model, sensor interface modules, communication modules and database than in our current prototype. In development of the demonstrator, we will anticipate this need as far as possible.
Commercial feasibility and market potential 
This project takes a first step by addressing all critical points in moving the concept of smart care-assistant to the market and in proving the value of the system. In the project hereafter (phase 2) we will concentrate on the business planning and fundraising. Our aim is to establish the start-up company “Apps4Life”, which will focus in first instance on the development and exploitation of the COPD application and at a later stage on other healthcare problems.
In the first phase of this project we will survey the full market potential of COPD patients in GOLD category III & IV in the Netherlands, Europe and the US. Based on these figures we will calculate the systems TCO, cost savings and cost effectiveness. Next, we will also investigate the support among medical specialists for the COPD home monitoring system in development and get an impression of the acceptance of the system by COPD patients. Discussions with Lavoisier BV concerning licensing contracts, including the closing of an agreement, will be part of the study. 
After a successful feasibility study in phase 1 we will, in phase 2, develop a Business Plan and execute the fundraising, after which the start-up company “Apps4Life” will be founded by Lavoisier BV. 
The following workpackages will be executed in phase 1 related to the commercial feasibility:
· WP 6: Market survey. Investigating the market potential concerning the Dutch, European and US market and mapping the captive market, major players and the total system/service potential. Furthermore, the potential cost saving, TCO and cost effectiveness will be estimated. 
· WP 7: Finding Industrial and Service partners. Investigating which industrial partners are capable to assist us in hardware development, reliability engineering, prototyping, end-product manufacturing and exploitation and regulatory affairs. Our focus is to shorten the time-to-market. 
· WP 8: Defining a 2nd (larger) clinical trial in the Netherlands. Contact medical specialists to investigate their level of acceptance of a COPD home monitoring system. Next, we will define a 2nd large clinical trial to test the functionality and quality of the system/service and to get an impression of COPD patients acceptance.
· WP 9: Contact insurers/governmental organizations. Establish contacts with health insurance companies and governmental organizations to map the financial health organization for COPD related services as the first target market.
3.3
Milestones, time schedule and budget plan
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	Technical aspects
	
	
	
	
	
	

	WP 1: Communication protocol
	
	
	
	
	
	

	WP 2: Development server software
	
	
	
	
	
	

	WP 3: New Bayesian network inference engine
	
	
	
	
	
	

	WP 4: Software quality requirements
	
	
	
	
	
	

	WP 5: Improve hardware and adapt software
	
	
	
	
	
	

	Commercial / marketing aspects
	
	
	
	
	
	

	WP 6: Market survey
	
	
	
	
	
	

	WP 7: Finding Industrial and Service partners
	
	
	
	
	
	

	WP 8: Defining 2nd large clinical trial
	
	
	
	
	
	

	WP 9: Contact insurers/governmental organisations
	
	
	
	
	
	


Milestones
· Demonstration of a fully operational system smart care-assistant for COPD with server software
· First future customer
· Definition of clinical trial 

Deliverables
· Fully operational smart care-assistant with server software for the self-management of COPD
· Overview of market opportunities/potential
· Definition document describing the set-up of a clinical trial
· Overview of business case and financial planning for Apps4Life start-up
Budget plan
	Cost indications
	

	Employment dr. S. Evers (5 months)
	€ 13,000

	Hardware 
	€ 2,000

	Market survey
	€ 3,000

	Business case for Apps4Life
	€ 7,000

	Total
	€ 25,000


3.4
The project team
	Name
	Affiliation
	Responsibility
	Motivation

	Prof.dr. Peter Lucas
	Radboud University Nijmegen
	Project leader
	Considerable experience with leading computing science and AI oriented projects in healthcare

	Dr. Tjard Schermer
	University Medical Centre St Radboud
	Healthcare contacts (pulmonologists, primary care), COPD network, set up clinical trial
	Experienced biomedical researcher with considerable expertise on self-management and COPD

	Dr. Yvonne Heijdra
	University Medical Centre St Raboud
	Development of clinical Bayesian network models and validation using patient data
	Experienced clinical specialist/pulmonologist

	Dr.ir. Sander Evers
	Radboud University Nijmegen
	Software development, Bayesian network development and evaluation
	ICT researcher with expertise in sensor interpretation and Bayesian networks

	Ir. Peter van Paassen
	Lavoisier BV
	Market experience, commercial exploitation of results
	Entrepreneur with experience in setting up start-ups in the healthcare field


The technical work will be carried out in the Department of Model-based System Development of the Institute for Computing and Information Sciences of Radboud University Nijmegen, which is lead by the applicant prof. P.J.F. Lucas. The Science Faculty in which the department is placed has excellent technical facilities for the design and engineering of instruments offered by the so-called TechnoCentre (www
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HYPERLINK "http://www.ru.nl/fnwi/technocentrum)"technocentrum). Improved hardware for communication and patient symptom measurement for the smart care-assistant will be developed in collaboration with this centre at costs determined by the bought components only. The medical part of the work will be done in collaboration with the Department of Primary and Community Care of the University Medical Centre (UMC) St Radboud, lead by the first co-applicant, Dr. T.R.J. Schermer, of the project. There is very close collaboration with the Department of Lung Diseases (Dr. Y. Heijdra) of UMC St Radboud. Co-applicant Ir. P. van Paassen will lead the business-oriented activities within the project.
4.
Statement by the applicant
Have you requested any additional grants for this business idea, either from STW or from any other organization?  NO
4.1
Application of STW or NWO research results
The prototype system that will be taken as the start for the Apps4Life project has partially resulted from an NWO/ZonMW project (number 80-82605-98-059) in the Chronic Disease Management programme. Title of our project is: AERIAL, development and initial evaluation of a Bayesian-network model for assessing individual risk of exacerbation, exacerbation relapse, and exacerbation-related hospital (re)admission in patients with moderate to very severe COPD.
By submitting this application through the STW-Iris system, I declare that I have completed this form truthfully:
Name:

Peter Lucas
Place:

Nijmegen
Date:

1st April, 2012
Appendices 
A. Curriculum Vitae team members
Name

: Peter Lucas
Date of birth
: 29th October, 1955
Place of birth
: Voorburg (the Netherlands)
Education 
1996

: PhD (doctorate) degree in Mathematics and Computer Science at the 
  Free University of Amsterdam

1979-1985
: Study in Mathematics at Leiden University and TU Delft 
 
1981-1983
: Study for medical doctor degree at Leiden University

1975-1981
: Study for MSc in Medicine at Leiden University
Working Experience

2010-current
: Professor of Artificial Intelligence, Leiden University
2002-current
: Associate professor, Principal Investigator and Head of Department of
  Model-based System Development of the Institute for Computing in Information    
  Sciences, Radboud University Nijmegen
2000-2002
: Senior Lecturer in Computing Science, University of Aberdeen, Scotland
1993-2000
: Assistant professor in Computer Science, Utrecht University

1989-1993
: Assistant professor in Medical Informatics, University of Amsterdam
1985-1989
: Project leader Centre for Mathematics and Computing Science (CWI),


  Amsterdam
1984-1985
: Research associate in Computing Science at TU Delft
Research Experience and Grants
In my career I have co-authored 6 books and have written more than 150 journal and conference publications. I have been able to attract more than 7 million euros of research grants.

Name

: Tjard Schermer

Date of birth
: 23th January, 1967

Place of birth
: Ede, the Netherlands
Education 
1996-2005
: PhD (doctorate) degree Medical Sciences, Radboud University Nijmegen
1991-1996
: MSc, Biomedical Health Sciences, Radboud University Nijmegen

1985-1989
: Physiotherapy at University of Applied Sciences Nijmegen/Arnhem
Working Experience
2012-present
: Research director Department of Primary and Community Care, 
  UMC St Radboud
2010-present
: Visiting Professor, School Primary Care  Public Health, University of
  Adelaide, Australia
2010-present
: Principal investigator research theme “Chronic Diseases and Care for the 
  Elderly”, Department of Primary and Community Care, UMC St Radboud
2003-present
: Principal investigator COPD & Asthma Research & Development Unit
  Department of General Practice, RUNMC
2001-2005
: PhD thesis “Optimizing health care for patients with COPD or asthma in 
        


  Dutch general practice” (cum laude), Radboud University Nijmegen
1996-2001
: Research associate at Department of General Practice, UMC St  Radboud
Grants
In my career so far I have been able to attract more than 4.5 million euros of research funding through grants from the Netherlands Organisation for Health Research and Development, the Dutch Asthma Foundation, health insurance companies and pharmaceutical companies.
Name
: Sander Evers
Date of birth
: 1st April, 1979
Place of birth
: Enschede, the Netherlands
Education 
2005-2009
: dr. (Ph.D.) Computer Science, University of Twente, Enschede (NL).
1997-2004
: ir. (M.Sc.) Computer Science, University of Twente, Enschede (NL).
1991-1997
: VWO level secondary education, Lorentz Casimir Lyceum, Eindhoven (NL).
Working Experience
2009-2012
: Post-doctoral researcher, Radboud University Nijmegen, Nijmegen (NL).
  Research focus: including deterministic relations in probabilistic models, both
  discrete and continuous. Part of ESI project OCTOPUS.
2005-2009
: Ph.D. student, University of Twente, Enschede (NL).
  Title thesis: Sensor data management with probabilistic models
2004
: Junior researcher, Radboud University, Nijmegen (NL). Temporary (7 month)
  research position on declarative GUI programming.
2002
: Intern, Rabobank ICT, Zeist (NL). Developed a tool for on-line usability testing.
2000-2002
: Research assistant, University of Twente, Enschede (NL). Assisted in PhD
 
  research, developing a theorem prover in Haskell.
Name
: Peter van Paassen
Date of birth
: 2nd November, 1955
Place of birth
: Schipluiden, the Netherlands
Education 
1975-1981
: Delft University of Technology, Industrial Design
1968-1975
: St. Stanislas College Delft
Working Experience
2008-now
: Founder, business developer in medical technology at Lavoisier BV

: Founder of de companies SenzAir, Vither, EUmedx, Biosenz, Biomarque
1997-2008  
: Business developer medical technologie at PAM van Paassen Consultancy BV

: Founder of MedSim, 2QR, Ned Inst for Telemedicine, consultant for Syntens, 
 : Provinces and variety of companies. 

1997-2003
: Interim manager medical technology at TNO, bringing researchers to the market  : and the market to researcher
1989-1996
: Consultant strategy and innovation in medical technology at Innovatie Centrum 
1986-1988
: Market development manager advanced materials at Polymarin
1983-1986
: Consultant (later on partner) at Innovad

1981-1982
: Developer at Royal Dutch Marine
B. Selection of key publications of the team
1. P.J.F. Lucas, L.C. van der Gaag and A. Abu-Hanna (2004). Bayesian networks in biomedicine and health-care. Artificial Intelligence in Medicine, 30 (3): 201-214.
2. P.J.F. Lucas (2005).  Bayesian network modelling through qualitative patterns. Artificial Intelligence, 163:233-263. 
3. C.A.M. Schurink, P.J.F. Lucas, I.M. Hoepelman, M.J.M. Bonten (2005). Computer-assisted decision support for the diagnosis and treatment of infectious disease in intensive care units.  The Lancet Infectious Diseases, 5: 305-312. 
4. A. Hommersom, P. Groot, P.J.F. Lucas, M. Balser and J. Schmitt  (2007).  Verification of medical guidelines using background knowledge in task networks.  IEEE Transactions on Knowledge and Data Engineering, 19(6): 832-846.
5. I. Flesch, P.J.F. Lucas and Th.P. van der Weide (2007). Conflict-based diagnosis: adding uncertainty to model-based diagnosis.  In: Proceedings of IJCAI-2007, Morgan-Kaufman, San Francisco, pp. 380-388.
6. C. Bielza and J.A. Fernandez del Pozo and P.J.F. Lucas (2008).  Explanation of clinical decisions through the extraction of regularity patterns. Journal of Decision Support Systems, 44: 397-408.
7. E.W.M.A. Bischoff, D.H. Hamd, M. Sedeno, A. Benedetti, T.R.J. Schermer,  S. Bernard, et al. (2011). Effects of written action plan adherence on COPD exacerbation recovery. THORAX,  66(1):  26-31.
8. P.A.M. van Paassen (1994). Excelleren in Medische Technologie, de kracht van netwerken in de gezondheidszorg, pocket boek op verzoek van de Stichting Maatschappij en Ondernemingen geschreven. 
C. List of publications cited
[1] R. Loddenkemper, G.J. Gibson and Y. ibille, eds. European Respiratory Society/European Lung Foundation. European Lung White Book. The First Comprehensive Survey on Respiratory Health in Europe.Sheffield, ERSJ, 2003.
[2] T.R.J. Schermer, P.J.F. Lucas and Y.F. Heijdra (2010). Relapse after hospital admission for COPD: are routine outpatient follow-up visits the way to go? Arch Intern Med, 170(18):1664-70.
[3] M. van der Heijden, B. Lijnse, P.J.F. Lucas, Y.F. Heijdra and T.R.J. Schermer (2011). Managing COPD exacerbations with telemedicine. M. Peleg, N. Lavrac and C. Combi (eds.).
Proceedings AIME 2011, LNAI 6747, Springer-Verlag, Berlin, pp. 169-178.
D. Letters of support
There is support from companies for this project, as confirmed by the attached letters from Lavoisier BV and SenzAir BV. 
� In this document, where we mention ‘smartphone’ one may also read ‘tablet PC’ or both. The capabilities, software architecture and price of the two are becoming increasingly similar. Although our prototype application has been developed on a smartphone, it is likely that we will migrate to tablets in the future.
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