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	Abstract:
	Healthcare providers worldwide are facing burgeoning patient demand and associated costs that challenge the very financial stability of services to patients. The Virtual Chronic Care Continuum programme described in this document uses remote vital signs monitoring and predictive algorithms to manage patients with chronic disease.



Overview
Healthcare providers worldwide are facing burgeoning patient demand and associated costs that challenge the very financial stability of services to patients. The World Health Organisation (WHO) predicts the cost of managing chronic diseases will be 80% of total healthcare expenditure by 2020, with substantial and continuing growth in the numbers of patients with chronic disease. For the first time in human history more people will die from preventable disease rather than contagious diseases.
The current model of care for most nations’ healthcare delivery has changed little over the last half century, whilst advances in diagnoses, medical knowledge and health informatics and associated technologies have grown substantially. The fortress structure of Acute (Hospitals), Primary Healthcare, Mental Health and Social Care is being transformed into a patient centric integrated care model.
The Virtual Chronic Care Continuum programme using remote vital signs monitoring and predictive algorithms to manage patients with chronic disease will significantly improve patient outcomes and quality of life whilst substantially reducing costs.
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At the centre of the system resides the patient with chronic disease, whose vital signs are continuously monitored by wearable devices. Patient data is then streamed via a smartphone to a secure data centre in real time. 
Patient data is then analysed by predictive algorithms, for two purposes. Firstly, to determine if a clinical or lifestyle intervention is necessary. Secondly, through analysis of population data, to predict if and when the patient is likely to develop acute complications. Clinicians could then be alerted to deal with the patient as a priority. 
Should an intervention be required patients can be contacted by a provider via an appropriate communications application, from SMS to teleconference and video conference.
The whole system is informed by easily assimilated clinical “best practice”, pitched at three stakeholder groups, namely: lifestyle coaches, the clinical community and the patients themselves.
A medication management function is also included to assist patients to adhere to their medication regime.
Lifestyle coaching, informing and supporting the patient with exercise and dietary advice, also forms part of the infrastructure. The module is further capable of facilitating self-help community-based groups, pharmacies etc. with information on such arears as exercise classes, gyms and personal trainers.
The whole system technology is supported by an ITIL support capability to ensure high system availability, user training and support. 
Impact
With the USA and Caribbean region spending currently US$348 billion per annum on diabetes, Europe US$156 billion and Western Pacific US$106 billion, The Virtual Chronic Care Continuum offers the opportunity to reduce the burden of cost by some 30%. It is therefore even on a very conservative basis possible to see a Return on Investment (RoI) over a five year period of some 30:1. 
As the eco-system is enhanced to deal with additional chronic conditions such as COPD, Hypertension and Depression for example the RoI will be significantly further enhanced.
Data Availability
[bookmark: _Toc478857661]Predictive Algorithms and AI:
At the centre of the system resides the patient with chronic disease, whose vital signs are continuously monitored by wearable devices or traditional glucose monitoring devices. Patient data is then streamed via a smartphone to a secure data centre in real time. 
Patient data is then analysed by predictive algorithms, for two purposes. Firstly, to determine if a clinical or lifestyle intervention is necessary, secondly, through analysis of the patient population data, to predict if, and when, the patient is likely to develop acute complications. Clinicians would then be alerted to deal with these patients as a priority and thus minimise costs and improve patient outcomes hence introducing patient risk stratification to the eco-system. Furthermore, by understanding the significant factors in the development of chronic illnesses, efficient resource allocation at the national level will be achievable. 
In the analysis of complex problems, the Cartesian approach is not a suitable approach. A holistic approach of many variables and all interactions at the same time is required. What may seem a small factor may have a significant affect.
[bookmark: _Toc478857662]Conditions:
The initial focus is on Diabetes Type 2 DM as shown in the programme brief (VW-PD-0002), it is planned to develop similar AI for multiple conditions including Hypertension, COPD and Depression such that patients with comorbidity may be supported.
[bookmark: _Toc478857663]Data for Type 2 DM:
The availability of high-quality data is recognised a fundamental to the development of this work package. Currently several sources are being explored to obtain this.
Given the project aims, it is necessary to look at the evolution of patients with Type 2 Diabetes and understand the factors that may have led to complications. As such, the project requires a longitudinal dataset of patients, containing data from follow up visits during a 5-year window (the window is subject to change depending on the frequency of follow up visits to ensure enough data points are available per patient).
For each patient visit, the current suggested data set is shown in table 2.

	#
	Data Element
	Visit Yr 1
	Visit Yr 2
	Visit Yr 3
	Visit Yr 4
	Visit Yr 5
	Comment

	1.
	Patient ID
	
	
	
	
	
	This ID should not be traceable to the individual. Could pass original ID through salted hashing algorithm.

	2.
	HRG Code
	
	
	
	
	
	

	3.
	Date
	
	
	
	
	
	

	4.
	Age
	
	
	
	
	
	

	5.
	Gender
	
	
	
	
	
	

	6.
	Ethnicity
	
	
	
	
	
	

	7.
	Height
	
	
	
	
	
	

	8.
	Weight
	
	
	
	
	
	

	9.
	BMI
	
	
	
	
	
	

	10.
	First Blood Relatives with Diabetes
	
	
	
	
	
	

	11.
	Blood Pressure
	
	
	
	
	
	

	12.
	Blood Glucose Measurements
	
	
	
	
	
	

	13.
	Glycated Haemoglobin measurements (HbA1C)
	
	
	
	
	
	

	14.
	LDL cholesterol measurements
	
	
	
	
	
	

	15.
	HDL cholesterol measurements
	
	
	
	
	
	

	16.
	Triglyceride measurements
	
	
	
	
	
	

	17.
	Microalbumin measurements
	
	
	
	
	
	

	18.
	Acute Complications:
a)	Diabetic coma
b)	Diabetic ketoacidosis
c)	Sepsis
	
	
	
	
	
	Any metadata (e.g. date) surrounding the event should be included

	19.
	Chronic complications specify:
a)	Microvascular complications
b)	Macrovascular complications
	
	
	
	
	
	

	20.
	Pregnant Yes/No
	
	
	
	
	
	

	21.
	Medications and Dosage
	
	
	
	
	
	

	22.
	Co-morbidity (Additional Chronic Diseases – Hypertension etc.)
	
	
	
	
	
	

	23.
	Stroke, Glaucoma, Neuropathy, Amputations
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CIC is in contact with a number of data sources including:
1. Croydon Clinical Commissioning Group, UK
2. NHS Digital England to secure the required anonymised data set.


Benchmarking
Please describe what you expect participants in the benchmarking process to submit. Please also describe how the submissions should be evaluated, and why.
Empowering the Patient:
Empowering the patient is crucial to an improved model of care for chronic diseases and forms a key element of improving healthcare around the World.
This is well illustrated by the comment “Perhaps the most underused person in healthcare is the patient” – Prof. David Cutler - Professor of Applied Economics at Harvard University.
The case for the use of technology in the treatment and management of patients with chronic disease is discussed in “The Patient Will See You Now” by Eric Topol which encapsulates the reasoning for the proposed “Virtual Chronic Care Continuum VC3 – www.cic.bio/vc3.
The “Virtual Chronic Care Continuum Programme” is based on improving the care of patients with chronic disease. It will initially focus on Type 2 Diabetes Mellitus; but will be extended to cover all major chronic diseases, therefore addressing the issue of co-morbidity. 
There are many initiatives in place worldwide which employ various approaches to the improvement of chronic disease. They include: Lifestyle Coaching, Medications Management, Clinical “Best Practice”, Chronic Disease Patient Software and Non-Invasive Wearable Vital Signs Monitoring Devices. 
However, these approaches are largely disparate. What is required is an integrated eco-system solution that brings together the best of each approach and offers patients and providers a more efficient and effective model of care that reduces cost, improves patient outcomes and quality of life minimising the development of acute complications associated with these conditions.
At the centre of the system resides the patient with chronic disease, whose vital signs are continuously monitored by wearable devices. Patient data is then streamed via a smartphone to a secure data centre in real time. 
Patient data is then analysed by predictive algorithms, for two purposes. Firstly, to determine if a clinical or lifestyle intervention is necessary. Secondly, through analysis of population data, to predict if and when the patient is likely to develop acute complications. Clinicians could then be alerted to deal with the patient as a priority. 
Should an intervention be required patients can be contacted by a provider via an appropriate communications application, from SMS to teleconference and video conference.
The whole system is informed by easily assimilated clinical “best practice”, pitched at three stakeholder groups, namely: lifestyle coaches, the clinical community and the patients themselves.
A medication management function is also included to assist patients to adhere to their medication regime.
Lifestyle coaching, informing and supporting the patient with exercise and dietary advice, also forms part of the infrastructure. The module is further capable of facilitating self-help community-based groups, pharmacies etc. with information on such arears as exercise classes, gyms and personal trainers.
The whole system technology is supported by an ITIL support capability to ensure high system availability, user training and support.
The use of telemedicine and lifestyle coaching has had a number of trials, which include:
1.	The Department of Health UK Whole System Demonstrator ;
2.	Cleveland Clinic and Microsoft Chronic Disease Management Pilot 
3.	The NHS FLO programme;
4.	The Omada Programme.


Initial Results:
Three significant trials have demonstrated the enormous potential of information and communication technology (ICT) to bring about improvements in outcomes.
Whole System Demonstrator:
The early results indicated significant promise and showed that if used correctly telehealth can deliver a 15% reduction in A&E visits, a 20% reduction in emergency admissions, a 14% reduction in elective admissions, a 14% reduction in bed days and an 8% reduction in tariff costs. More strikingly they also demonstrate a 45% reduction in mortality rates.
Cleveland Clinic Chronic Disease Pilot:
The project found a significant change in the average number of days between physician office visits for patients. Diabetic and hypertensive patients were able to make doctor’s office visits less often, increasing the number of days between appointments by 71 percent and 26 percent respectively, indicating that patients had better control of their conditions.
The project demonstrated how technology can help link patients with caregivers, and it offers a promising model for improving patient self-management and physician oversight of patients with chronic diseases.
NHS Connecting for Health National Programme for IT:
The concept for The Virtual Chronic Care Continuum Programme was initially conceived in 2006 whilst working within the NHS England. At that time working with the Kings’ Fund a Markov Model was created for the proposed model of care. The output from that model whilst suggesting a significant improvement in patient outcomes suggested cost savings of the order of 30%.

VC3 Benchmarking:
Benchmarking will be measured against a cohort of patients not using the VC3 system and a comparison will be undertaken to show variance in for example:
1.  A&E visits;
2.  Emergency admissions;
3. Onset of acute complications;
4.  Number of elective admissions;
5. Bed days;
6.  Mortality rates
7. HbA1C readings
Organiser Details
Please describe why your organization is interested in this project, and if you have run similar projects / benchmarks / challenges before.
Care Innovation Corporation is a visionary company delivering new and improved models of care and integrated care solutions in the healthcare domain, improving outcomes for patients whilst reducing costs for providers.
Our team comprises expertise from around the globe experienced in major digital health programmes, transforming healthcare facilitating improved service, patient outcomes and satisfaction whilst reducing costs and minimising errors.
Our experience covers National and Corporate eHealth strategies, improved models of care for Chronic Disease such as Diabetes Type 2, Electronic Patient Records, Integrated Healthcare, eHealth technology, Programme Strategy and Management, Applications Development and Systems Integration working closely with the Clinical and Operational communities. Focused on delivering benefit

[bookmark: _Toc486538151][bookmark: _Toc504429910]About Us:
CIC comprises world-class clinical, technical and academic expertise. Our team have considerable experience in the domain of eHealth in particular and healthcare in general.
[image: D:\MJM\1CIC\CIC Website\Website Images\1 Photos\Untitled.png]Prof. Michael Miller C.Eng., CITP, FBCS - CEO:
is a respected international consultant in health informatics and eHealth and has worked on the largest of eHealth programmes around the World including NHS England, for the Supreme Council of Health - Qatar, Queensland Health - Australia, the Ministry of Health in the Kingdom of Saudi Arabia and for Accenture in Singapore developing an integrated care model and national EMR strategy.

Prof. S. Yunkap Kwankam, PhD - Chief Innovation Adviser:
is a world-renowned expert on digital health and has developed national digital health policies and strategies for several countries and international organizations.
He is also Executive Director, International Society for Telemedicine and eHealth (ISfTeH).
From 2004 through August 2008 he was eHealth Coordinator, at the World Health Organization HQ, Geneva, responsible for overall coordination of eHealth across the Organization.
Before joining WHO in 2001, he has served as a consultant to WHO, ITU, UNIDO, World Bank, and the US National Library of Medicine (NLM).

[image: D:\MJM\1CIC\CIC Website\Website Images\1 Photos\Prof. Yunkap.png]
Prof. Jean Claude Mbanya- Chief Clinical Adviser:
is Honorary President of the International Diabetes Federation. He is a Fellow of the Royal College of Physicians, London and Doctor philosophiae honoris causa, University of Oslo, Norway. 
Among numerous other outstanding achievements for diabetes, as President of the International Diabetes Federation (2009 - 2012) he championed the convening of the first ever United Nations High Level Summit on non-communicable diseases held in 2011.
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[image: D:\MJM\1CIC\CIC Website\Website Images\1 Photos\Prof. Dipak 2.png]Prof. Dipak Kalra PhD, FRCGP, FBCS, - Chief Health Informatics Adviser:
is President of the European Institute for Innovation through Health Data (www.i-HD.eu) and of the European Institute for Health Records (www.EuroRec.org).
Dipak is Clinical Professor of Health Informatics at University College London, United Kingdom, a Director of the openEHR Foundation, and a member of standards bodies including CEN, ISO and HL7-UK.

[image: D:\MJM\1CIC\CIC Website\Website Images\1 Photos\Richard Marriot 2.jpg]Richard Marriott - Commercial Director:
For the last decade, Richard has been running a UK-based management consultancy specialising in business transformation and product development. He brings with him a wealth of experience, having successfully managed numerous high profile, complex, multi-disciplinary projects and programmes for clients in Telecoms, FMCG, Banking, Insurance, Utilities, Legal and Retail.
From inception to benefit realisation, he has delivered above and below the line marketing initiatives, product launches, re-branding exercises, managed the design, manufacture and installation of point of sale products and services and implemented a host of digital and social media changes.
Richard has also managed a variety of technological changes including; data centre and SharePoint migrations, call management, SMS, helpdesk and IVR system implementations, development of reporting and analytic tools, finance and forecasting systems, ERP development and card processing services.”


Albert De Souza (BSc Hons Pharmacy) - Business Development Director
Albert is a well-respected consultant who has been responsible for providing clinical and managerial operations for over 18 years. A registered pharmacist by background, who has held a wide variety of roles relating to medicines optimisation, primary care, service redesign, planned care and ‘Quality, Innovation, Prevention & Productivity’ initiatives. A dynamic individual who has made an impact working in a wide variety of small and large organisations, in the private and public sector.   
Committed and passionate about improving healthcare. In deploying technology to achieve better outcomes for patients. Focused on making a difference for the organisations, clients and communities served. Albert has been responsible for leading on technology initiatives, for example the deployment of electronic prescription service, whilst at various NHS organisations. Also, undertaking initiatives to break down barriers, promoting integrated care.
Committed to partnership working, building long-standing, mutually beneficial relationships throughout his career in health and social care. For example, with the NHS in London (various Clinical Commissioning Groups and NHS England), GP federations, local authorities, health innovation networks, charitable and voluntary organisations e.g. Diabetes UK.
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