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Executive Summary  
In times of value-based health care and scarce resources of the health care systems, economic 

impact assessment is of increasing importance. Leveraging technology in health care has the 

power to impact health care industries, hospitals and patients. Examples of new treatments, 

known as “interventions”, include diagnostic capabilities, disease modelling and prediction, 

customized treatment plans, enhanced electronic health records and more.  

The advantages of artificial intelligence (“AI”) have been extensively discussed in the medical 

literature. AI can use sophisticated algorithms to efficiently ‘learn’ features from a large 

volume of health care data. Once trained, an AI algorithm can use the obtained insights to 

assist clinical practice, reducing the data processing burden. It can also be equipped with 

learning and self-correcting abilities to improve its accuracy based on feedback. An AI system 

can assist physicians by providing up-to-date medical information from journals, textbooks 

and clinical practices to inform proper patient care. In addition, an AI system can help to 

reduce diagnostic and therapeutic errors that are inevitable in human clinical practice. 

Moreover, an AI system can extract useful information from a large patient population to 

assist in making real-time inferences for health risk alert and health outcome prediction. 

HosmartAI’s objective is to promote an effective and efficient health care system 

transformation, using AI technological developments and robotics in hospitals and the 

primary care sector. HosmartAI will introduce an AI platform in order for core facilities to be 

linked, creating smart services for health care professionals, patients, information system 

managers and health organisation administration. 

In order for the HosmartAI objective to be implemented and physicians, hospitals and health 

care managers to contribute to delivering patient care within a standard operational 

environment, certain steps need to be performed following the theory of performance 

management which allows an organization to optimize or mitigate its activities according to 

the contribution of those activities to the organization’s purpose. At HosmartAI, specific key 

performance indicators (KPIs) will be used, covering the most common classes of health 

sector outcomes, in order to measure the project’s performance. 

The technologies which will be analysed based on clinical, social, operational and economic 

parameters cover the following spectrum: 

• Diagnosis revolution 

• Logistic efficiency 

• Treatment improvement 

• Surgical support 

• Assistive care 

This document is structured around the theoretical background of performance management 

linked with KPIs applied in the health care sector. KPIs contributing to the measurement of 

the outcomes from health care interventions are analysed and reported. The selected 

indicators to be used by HosmartAI pilots cover the whole spectrum of outcomes, which are 

the following:  
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1) Clinical Efficacy/Effectiveness 

2) Patient Reported Outcome Measures (PROMs) 

3) Patient or User Reported Experiences Measures (PREMs) 

4) Productivity  

5) Economic  

The stakeholders which will utilize those measures are: patients, physicians, caregivers, 

hospital managers and policy makers. Each pilot will choose the applicable clinical outcomes 

and PROMs/PREMs instruments best suited to the technology in scope, following the 

recommendation of the health economics team.  

In the current report, each KPI pillar is thoroughly analysed in order for the reader to be able 

to understand the selected indicators and their applicability within HosmartAI and medical 

pilots. This report will shed light on the identification and selection of the most important 

health care indicators and their link with the respective stakeholders.  
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Definitions, Acronyms and Abbreviations 
 

Acronym/ 

Abbreviation 

Title 

AF Atrial Fibrillation 

AGA American Gastroenterological Association 

AI Artificial Intelligence 

CAD Computer Aided Diagnosis/Detection 

CBA Cost Benefit Analysis 

CCA Cost Consequence Analysis 

CCTA Coronary Computed Tomography Angiography 

CDSS Clinical Decision-Support Systems 

CE Capsule Endoscopy 

CE Cost Effective 

CEA Cost Effectiveness Analysis 

CFA Confirmatory Factor Analysis 

CSII Continuous Subcutaneous Insulin Injection  

CT Computed Tomography 

CMA Cost Minimization Analysis 

CUA Cost Utility Analysis 

DoA Description of Action 

EBM Evidence Based Medicine 

ECHO ECHOcardiography 

ENDOPREM Patient Experience of GI Endoscopy Questionnaire 

EGD EsophagoGastroDuodenoscopy 

HEOR Health Economics Outcomes Research 

HUI Health Utility Index 

GDPR General Data Protection 

GI GastroIntestinal 

HRI Human-Robot Interaction 

HRPU High-Risk Pregnancy Unit 

ICER Incremental Cost Effectiveness Ratio 

IMU Inertial Measurement Unit 

IOM Institute of Medicine 

JLN Joint Learning Network 

KPI Key Performance Indicator 

MDI Multiple Daily Injections 

MIS Measurement and Information Stream 

NHS National Health System 

NICE National Institute for Health and Care Excellence 

PARIS Patient Reported Indicator Survey 
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Acronym/ 

Abbreviation 

Title 

PCI Percutaneous Coronary Intervention 

PD Parkinson’s disease 

PHC Primary Health Care 

PM Performance Management 

PREMs Patient Reported Experience Measures 

PROs Patient-Reported Outcomes 

PROMs Patient Reported Outcomes Measures 

PROMIS Patient-Reported Outcomes Measurement Information System  

PSNCQQ Patient Satisfaction with Nursing Care Quality Questionnaire 

PSQ Patient Satisfaction Questionnaire 

PTP Pre-Test Probability 

QALY Quality Adjusted Life Year 

SDM Shared Decision Making 

SF-6D Short Form 6 Dimensions 

SF-36D Short Form 36 Dimension 

SUS System Usability Scale 

SG Standard Gamble 

SUTAQ Service User Technology Acceptability Questionnaire 

TQM Total Quality Management 

TTO Time Trade Off 

UEQ User Experience Questionnaire  

UHC Universal Health Coverage 

UREM Usability Reported Experience Measure 

VAS Visual Analogue Scale 

WHO World Health Organization 

WHOQOL World Health Organization Quality of Life 
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1 Introduction 

1.1 Project Information 

 The HosmartAI vision is a strong, efficient, sustainable and resilient European 

Healthcare system benefiting from the capacities to generate impact of the 

technology European Stakeholders (SMEs, Research centres, Digital Hubs and 

Universities). 

 The HosmartAI mission is to guarantee the integration of Digital and Robot 

technologies in new Healthcare environments and the possibility to analyse 

their benefits by providing an environment where digital health care tool 

providers will be able to design and develop AI solutions as well as a space for 

the instantiation and deployment of AI solutions. 

 
HosmartAI will create a common open 

Integration Platform with the 

necessary tools to facilitate and 

measure the benefits of integrating 

digital technologies (robotics and AI) in 

the healthcare system. 

A central hub will offer multifaceted 

lasting functionalities (Marketplace, 

Co-creation space, Benchmarking) to 

healthcare stakeholders, combined 

with a collection of methods, tools and solutions to integrate and deploy AI-enabled solutions. 

The Benchmarking tool will promote the adoption in new settings, while enabling a meeting 

place for technology providers and end-users. 

Eight Large-Scale Pilots will implement and evaluate improvements in medical diagnosis, 

surgical interventions, prevention and treatment of diseases, and support for rehabilitation 

and long-term care in several Hospital and care settings. The project will target different 

medical aspects or manifestations such as Cancer (Pilot #1, #2 and #8); Gastrointestinal (GI) 

disorders (Pilot #1); Cardiovascular diseases (Pilot #1, #4, #5 and #7); Thoracic Disorders (Pilot 

#5); Neurological diseases (Pilot #3); Elderly Care and Neuropsychological Rehabilitation (Pilot 

#6); Fetal Growth Restriction (FGR) and Prematurity (Pilot #1). 
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To ensure a user-centred 

approach, harmonization in 

the process (e.g. regarding 

ethical aspects, 

standardization, and 

robustness both from a 

technical and social and 

healthcare perspective), the 

living lab methodology will be employed. HosmartAI will identify the appropriate instruments 

(KPI) that measure efficiency without undermining access or quality of care. Liaison and co-

operation activities with relevant stakeholders and open calls will enable ecosystem building 

and industrial clustering. 

HosmartAI brings together a consortium of leading organizations (3 large enterprises, 8 SMEs, 

5 hospitals, 4 universities, 2 research centres and 2 associations – see Table 1) along with 

several more committed organizations (Letters of Support provided). 

Table 1: The HosmartAI consortium. 

Number1 Name Short name 
1 (CO) INTRASOFT INTERNATIONAL SA INTRA 

1.1 (TP) INTRASOFT INTERNATIONAL SA INTRA-LU 

2 PHILIPS MEDICAL SYSTEMS NEDERLAND BV PHILIPS 

3 VIMAR SPA VIMAR 

4 GREEN COMMUNICATIONS SAS GC 

5 TELEMATIC MEDICAL APPLICATIONS EMPORIA KAI ANAPTIXI 
PROIONTON TILIATRIKIS MONOPROSOPIKI ETAIRIA 
PERIORISMENIS EYTHINIS 

TMA 

6 ECLEXYS SAGL EXYS 

7 F6S NETWORK IRELAND LIMITED F6S 

7.1 (TP) F6S NETWORK LIMITED F6S-UK 

8 PHARMECONS EASY ACCESS LTD PhE 

9 TERAGLOBUS LATVIA SIA TGLV 

10 NINETY ONE GMBH 91 

11 EIT HEALTH GERMANY GMBH EIT 

12 UNIVERZITETNI KLINICNI CENTER MARIBOR  UKCM  

13 SAN CAMILLO IRCCS SRL IRCCS 

14 SERVICIO MADRILENO DE SALUD SERMAS 

14.1 (TP) FUNDACION PARA LA INVESTIGACION BIOMEDICA DEL 
HOSPITAL UNIVERSITARIO LA PAZ 

FIBHULP 

15 CENTRE HOSPITALIER UNIVERSITAIRE DE LIEGE CHUL 

16 PANEPISTIMIAKO GENIKO NOSOKOMEIO THESSALONIKIS 
AXEPA 

AHEPA 

17 VRIJE UNIVERSITEIT BRUSSEL VUB 

18 ARISTOTELIO PANEPISTIMIO THESSALONIKIS AUTH 

19 EIDGENOESSISCHE TECHNISCHE HOCHSCHULE ZUERICH ETHZ 

20 UNIVERZA V MARIBORU UM 

 

1 CO: Coordinator. TP: linked third party. 
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Number1 Name Short name 
21 INSTITUTO TECNOLÓGICO DE CASTILLA Y LEON ITCL 

22 FUNDACION INTRAS INTRAS 

23 ASSOCIATION EUROPEAN FEDERATION FOR MEDICAL 
INFORMATICS 

EFMI 

24 FEDERATION EUROPEENNE DES HOPITAUX ET DES SOINS DE 
SANTE  

HOPE 

 

1.2 Document Scope 

1.2.1 Introduction 
Health care is one of the major success stories of our times. Medical science has improved 

rapidly, raising life expectancy around the world, but as longevity increases, health care 

systems face growing demand for their services, rising costs and a workforce that is struggling 

to meet the needs of its patients [REF-01] [REF-02]. Building on automation, artificial 

intelligence (AI) has the potential to revolutionise health care and help address some of the 

challenges set out above. AI can lead to better care outcomes and improve the productivity 

and efficiency of care delivery. It can also improve the day-to-day life of health care 

practitioners, letting them spend more time looking after patients and in so doing, raise 

productivity and improve retention. It can even get life-saving treatments to market faster. 

At the same time, questions have been raised about the impact AI could have on patients, 

practitioners and health systems, and about its potential risks; there are ethical debates 

around how AI and the data that underpins it should be used [REF-03][REF-04]. The current 

report provides the answers on the most important KPIs used in the health care sector, 

through the innovative AI technologies of HosmartAI and their impact on patients, physicians, 

academic society and health policy makers.  

1.2.1.1 The Role of Key Performance Indicators (KPIs) in Health care 

The quality movement concept i.e., the management of quality improvement, has spread 

widely during the last decades from manufacturing to service, health care, non-profit 

organizations, and educational institutions [REF-05]. In health care, the concept of quality has 

become an increasingly important factor both for patients’ well-being and economic survival 

[REF-06] as well as among authorities, policymakers, managers, physicians, and patients [REF-

07] using a number of quality management approaches, such as Evidence-Based Medicine 

(EBM), Total Quality Management (TQM), improvement science, professional development, 

and patient empowerment [REF-07]. Raven et al., (2012) posited that understanding good 

quality of care and how it can be measured is critical to improving health services [REF-08]. 

Still, defining the facets of health and quality management for health care improvement is an 

ongoing challenge due to individual differences and the complex relationship between health 

services and health outcomes [REF-09]. The Institute of Medicine (IoM), defines quality in 

health care as “the degree to which health services for individuals and populations increase 

the likelihood of desired health outcomes and are consistent with current professional 

practice.” Building on this definition, the IoM presented six characteristics of high quality care 

[REF-09]. 
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Figure 1: Characteristics of High Quality Care. 

High quality care must be: 

1. Safe: Avoiding injuries to patients from the care that is intended to help them. 

2. Effective: Providing services based on scientific knowledge to all who could benefit 

and refraining from providing services to those not likely to benefit (avoiding underuse 

and overuse). 

3. Patient-centred: Providing care that is respectful of, and responsive to, individual 

patient preferences, needs, and values and ensuring that patient values guide all 

clinical decisions. 

4. Timely: Reducing waits and sometimes harmful delays for both those who receive and 

those who give care. 

5. Efficient: Avoiding waste, in particular waste of equipment, supplies, ideas, and 

energy. 

6. Equitable: Providing care that does not vary in quality because of personal 

characteristics such as gender, ethnicity, geographic location, and socioeconomic 

status. 

The goal of any health care provider is to offer an optimal level of services to their clients. 

Understanding the efficiency and effectiveness of organizational operations is vital to finding 

areas to improve the provision of services. KPIs are important in the health care environment 

for the interpretation of the result/objective setting, analysis of the operations and provision 

of evidence of effectiveness. A KPI is a measurable value that demonstrates how effectively 

an organisation is achieving key objectives. KPIs are classes of outcome used to measure 

outcome size, direction, trend, class, frequency, rate i.e., performance or preference levels 

for outcomes of interest to deliver objectives related to Performance Management (PM). PM 

is defined as an approach used by an organisation to optimize or mitigate its activities 

according to their contribution to the organization’s purpose, the later detailed in an 

organisation’s strategic priorities and subordinate objectives.  

Patient-
centred

Timely

Safe Effective

EfficientEquitable



  D1.7 – Report on KPIs definition 
H2020 Contract No 101016834  Final – v1.0, 2022-01-31

  

 
Dissemination level: PU -Public Page 14 

 

 

Through tracking health care organization’s performance, the level of the provisional services 

can be improved and also provide a greater understanding of hospital operations. The KPI 

pillars in the health care setting are quadruplicate, covering mainly a) 

clinical/diagnosis/prevention effectiveness b) hospital/operational/cost effectiveness c) 

patients’ satisfaction & quality of life improvement and d) productivity, which might take form 

such as the number of patients reviewed per annum, the cost per successfully treated patient, 

the cost per incremental years survival, bed occupancy rate, the rate of non-scheduled 

recurrent patient visits to a hospital. 

Within the HOSMARTAI project, 24 partners are collaborating on health services using 

technological developments in robotics and AI. Using a common KPI approach will facilitate 

the integration of digital and robot technologies in the health care environments and enable 

the analysis of their benefits in all respective KPIs set by each technology.  

The 24 partner organisations are divided between 8 AI and robotic pilot projects or support 

services. These pilot projects (“the pilots”) will implement and evaluate improvements in 

medical diagnosis, surgical interventions, prevention and treatment of diseases, and support 

for rehabilitation and long-term care in several hospital and care settings. Some pilots will 

undertake developmental work applied to one disease, other pilots to multiple disorders. 

HosmartAI will target different medical aspects or manifestations such as Cancer (Pilot #1, #2 

and #8); Gastrointestinal (GI) disorders (Pilot #1); Cardiovascular diseases (Pilot #1, #4, #5 and 

#7); Thoracic Disorders (Pilot #5); Neurological diseases (Pilot #3); Elderly Care and 

Neuropsychological Rehabilitation (Pilot #6); Fetal Growth Restriction (FGR) and Prematurity 

(Pilot #1). Figure 2 shows the role of KPIs in performance management, which is depicted as 

an iterative cycle of considerations. The cycle comprises statement of extant need/ 

opportunity, definition of a project’s objectives, measures of performance and service 

recipients i.e., patients with the relevant condition. Furthermore, services options available 

to recipients, outcomes to be measured, analysis to be undertaken and review of outcomes 

against objectives and need/ opportunity should be defined and undertaken. Collectively this 

permits reflection on the value of outcomes and whether anything may additionally, likely 

significantly mitigate extant need or contribute to achieving extant opportunity. In such an 

ecosystem of inputs, outputs and outcome, a change anywhere may have ramifications 

through the cycle, not only on that stage’s activity. 

The traditional measures of productivity, i.e., efficiency, output/input and quality -adequacy 

of output and input- in health care and the service sector are natural considerations of 

performance management, but in order to be considered patient centric, patient 

contributions [REF-10] and involvement [REF-11] are considered necessary to establish high 

quality health care. 



  D1.7 – Report on KPIs definition 
H2020 Contract No 101016834  Final – v1.0, 2022-01-31

  

 
Dissemination level: PU -Public Page 15 

 

 

 
Figure 2: KPIs in an Operational/Study Ecosystem of Inputs & Outputs 

1.2.2 Approach 
The objective of the document is to provide a holistic analysis/view of the importance of KPIs, 

their application in the health care sector, mainly in the field of the use of artificial intelligence 

technologies. This document explores first, a description of what elements theoretically 

contribute to Performance Management and secondly, considerations in the application in 

different sectors and from large to smaller layers of organisation and technologies.  

Project performance can be measured using KPIs to evaluate all projects’ outcomes, 

determined by strategic need or opportunity and associated objectives. The value of KPIs is 

that in standardizing a measure, comparative studies can be made, when a comparator is 

used. Different combinations of KPI may be selected according to stakeholders’ interests 

(perspective), typically decision makers. Each KPI may be a relatively direct reflection of the 

value of an outcome or use one of multiple choices of tool or instrument, such as 

questionnaires, to estimate a proxy value for that KPI. The current report covers the outcomes 

measurement of all involved stakeholders of the health care sector which are the following: 

1. Policy Makers (Ministry of health, hospital management, EU Health care officials). 

2. Physicians and health care professionals involved in medical decision-making process 

3. Patients, caregivers and patient advocacy groups. 

4. Academic society. 

The identification of the health care related KPIs was based on a thorough literature review 

to be able to capture the perspective of all stakeholders of the health care sector, covering 

the important outcomes pillars of:  

• The health care systems which are medical, productivity and economic. 
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• The patients and caregivers, which are patient reported outcomes and patient 

reported experience measures.  

All AI technologies of HosmartAI have been separated in the specific KPI pillars applicable for 

each technology and will be analysed incrementally according to use of comparators by the 

projects to compare the effect difference of the new technology with respect to the 

comparator.  

A challenge in the identification of KPIs for HosmartAI technologies was in part due to the 

diversity of technologies involved, where diverse outcomes required a variety of instruments 

for one or more KPIs for each specific technology. Additionally, multiple types of outcome, 

disease area, stakeholder, countries and study designs added to the complexity of finding a 

common theme upon which to evaluate the different projects and their technologies. 

Ultimately, the economic evaluation enabled a level of comparison among different 

endpoints, while recognising projects with different objectives, service recipients and settings 

are less suitable for comparison than projects which include their own internal comparators. 

The research team concluded that the economic analysis of choice in order to be able to 

match most – if not all – of the above mentioned challenges was the Cost Consequence 

Analysis (CCA). Cost consequence analysis enables the comparison of performance of health 

technologies with different endpoints by estimating the incremental cost of each AI 

technology. The deliverable, the D1.7 KPIs definition report, describes why performance 

management and KPIs are used to measure economic and social activity, including health 

care; who the respective stakeholders are and identify the respective facets applied in 

Artification Intelligence technologies based on the 8 pilots of HOSMARTAI.  

1.3 Document Structure  

This document is comprised of the following chapters: 

Chapter 1 presents an introduction to the project and to the document, which mostly 

addresses the introduction of PM and KPIs applied in the health care environment. It 

introduces a consideration of framework for clinical and cost-effectiveness analysis and 

introduces the use of KPIs, in addition to describing the potential for iterative improvement 

of HosmartAI technologies and the stakeholders involvement in pilot studies.  

Chapter 2 covers the stipulation of meaningful generalisable assessments in ethically 

approved studies to determine the clinical and cost-effectiveness and safety of new 

treatments, expressed in terms of both absolute and incremental difference. It introduces the 

types of health care quality measures by defining individually the structural, process and 

outcome measures. Additionally, the role and involvement of patients in the decision making 

process is analytically presented.  

Chapter 3 provides a description of the KPIs used in HosmartAI, including a) Clinical 

effectiveness and safety b) Patient Reported Outcomes, c) Patient/User Reported Experience 

Measures (PREMs/UREM), d) Hospital/Health care Productivity Measures and e) Economic 

Outcomes. An introduction to each KPI’s background, with a description of estimation and 

choices of instrument.  
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Chapter 4 presents for each pilot and for each intervention by condition a description of the 

pilots’ objective, the range of KPIs the pilot will use and what the KPI will measure. From this, 

an understanding of the objectives to measure the expected type of outcome has been 

described.  

The last, Chapter 5, summarises what this report has described, namely the link between 

performance, extant need/ opportunity and the specification of the type of measure and what 

that type of measure will record. It also touches upon the integration of AI and robotic 

technologies in the existing care framework. 
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2 Measuring the Effectiveness of Medical Interventions 
European longevity improvements are predicted to raise the >65-year-old population from 

19% in 2015 to 30% by 2050, requiring planning for the care requirements of the future [REF-

12]. Health care interventions and comparators are used to determine each treatment 

strategy’s effectiveness and cost. The extra effect per extra unit cost associated with 

intervention minus comparator costs and effects determines cost-effectiveness. Measures of 

effect are typically a clinician’s most significant measures to manage a disease e.g., blood 

pressure to manage cardiovascular disease, but may vary depending on the nature of the 

intervention.  

Research into interventions, permitting at least the maintenance of public health, need to be 

evaluated using rigorous scientific and management methods. Public health interventions 

should try to optimize the delivery of both efficiency and effectiveness to avoid being usurped 

by opportunity cost considerations i.e., the next best alternative method of using funding, 

such as usual care. Thus, evaluation designs must recognize and integrate the requirements 

of funding agents, ensure that intervention benefits can be accurately measured and 

conveyed, and ensure that areas for improvement are identified as needed, against extant 

opportunity or need. There are minimum requirements which every health care system 

should meet equitably: access to quality services for acute and chronic health needs; effective 

health promotion and disease prevention services; and appropriate response to new threats 

as they emerge (emerging infectious diseases, growing burden of non-communicable diseases 

and injuries, and the health effects of global environmental changes)[REF-13]. 

The assessment of health care outcomes for interventions whether a drug, procedure or 

technology, has evolved from observation of their value at a point in time, to assessment over 

a time course. The comparison with an alternative treatment strategy (the “comparator”), 

which is typically usual care, the prediction of future outcomes and quantification of 

predicted outcome uncertainty, typically reserved for studies of chronic diseases, with 

interventions which are not both higher in cost and lower in effect than the comparator. 

Where an intervention has indicated proof of principle, ideally over a comparator in pilot 

studies, it may warrant a Randomised Control Trial (”RCT”) to determine cost and effect 

attributes i.e., size, direction, presence, frequency, etc, the detection of which is facilitated 

with a larger sample population found in RCTs, rather than in smaller studies e.g., pilot 

studies. The relative merit of a new treatment strategy, the intervention, compared to the 

comparator, is referred to as the incremental outcome or incremental difference of the 

intervention effect minus the comparator effect, where: 

 Incremental difference = mean intervention outcome (new technology) – mean comparator 
outcome (existing technology) 

The two treatment populations, assuming a comparator is used, are compared based on the 

probability that the intervention is effective in either preventing, reducing the severity, or 

delaying an undesirable health outcome or the converse for a desirable health outcome.  
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In lieu of operational research, the probability of deriving the sought health outcome usually 

is based only on the clinical efficacy of the intervention. 

Studies without a comparator may be used to demonstrate technological success rather than 

incremental clinical effect as without a comparator, there are limited ways to determine 

whether a population treated with an intervention has a higher or lower outcome. However, 

in some cases, historical studies of a comparator, usual care have been used as the 

comparator.  

Estimation of outcomes (and incremental outcomes) is possible through a wide diversity of 

tools and approaches. We have identified five classes of outcomes relevant to health care-

oriented projects seeking to determine their value to the health care system. HosmartAI study 

pilots were presented with a choice of up to 5 classes of KPI to be used including: clinical-

effectiveness, patient reported outcome measure, patient/user reported experience 

measure, productivity and economic outcomes or the classes of outcome and instrument they 

found the best natural fit for their study. For example, local measures perhaps sponsored by 

a clinician may be especially clinically informative. However, their use alone i.e., without a 

comparator, often on small samples or in short studies can make it difficult to judge the 

incremental benefit and the “generalisability” of a treatment i.e., the use of the same 

treatment in a different setting, for the same condition to exhibits the same effect, bearing in 

mind risk factors and distribution of effects. In other words, an intervention without evidence 

to support generalisability, because of the dissimilarity of measures and outcomes can 

prevent an intervention’s use from being supported, where direct comparisons are necessary, 

in which usual care would most likely be the default. 

2.1 Why Measuring Health Care Outcomes is Important 

Quality measurement can be a costly and time-consuming activity. Accordingly, judicious 

selection of indicators contributing to the aggregate understanding of health-care quality is 

imperative. If indicator development is to be systematic, targeting areas where the need is 

greatest, needs must be identified and classified by type of measure. In the HosmartAI 

project, the effort posed was to identify and classify clinical indicators currently being used in 

various countries to measure the quality of care provided by hospitals, and to identify 

commonalities in measurements in order to be able to apply to HosmartAI technologies. 

Specifically, we aimed to identify and classify indicators according to: 

• Domain to which they apply (hospital-wide, surgical and non-surgical clinical 

specialties and departments). 

• Aspects of care provision (structural, process improvement, outcome). 

• Dimensions of quality (safety, effectiveness, efficiency, timeliness, patient-

centredness and equity). This information was then used to identify gaps in current 

measurement [REF-14]. 

Health outcome estimates inform: 

• funding decisions for new treatment when compared to the best alternative 

treatment 
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• safety – recording serious events e.g., death or disablement from an intervention or 

adverse events which may only become apparent with longer use  

• public accountability by conveying treatment strategy outcomes and recording the 

justification for funding decisions and  

• the creation of a spirit of competitiveness and application whereby a research body 

may create a better or alternatively applied product, service or process than other 

companies. 

All of these applications of measurement of health outcomes seek to improve or maintain the 

health of patients. 

Estimation of outcomes (and incremental outcomes) is possible through a wide diversity of 

tools and approaches. We have identified five classes of outcomes relevant to health care–

oriented projects seeking to determine their value to the health care system. HosmartAI study 

pilots were presented with a choice of any number of 5 classes of KPI to be used from: clinical-

effectiveness, patient reported outcome measure, patient/user reported experience 

measure, productivity and economic outcomes or the classes of outcome and instrument they 

found the best natural fit for their study. For example, local measures perhaps sponsored by 

a clinician may be especially clinically informative. However, their use alone i.e., without 

comparator, often on small samples or in short studies can make it difficult to judge the 

incremental benefit and the “generalisability” of a treatment i.e., the generalisability of a 

treatment is, that the same treatment in a different setting, for the same condition, exhibits 

the same effect, bearing in mind risk factors and distribution of effects. In other words, an 

intervention without evidence to support generalisability, because of the dissimilarity of 

measures and outcomes can prevent evidence informed policy and clinical decision making, 

where like with like comparisons are necessary.  

2.2 Important outcomes for health care systems 

Health care systems seek health improvement in outcomes at a sustainable cost or the 

maximum of outcome for an acceptable level of cost or extra cost. In both cases, the patient 

would benefit from maximisation of value, where the level of value may be defined as a ratio 

of additional or incremental effect to additional cost incurred from using a new treatment 

less that of a comparator. The reciprocal of this ratio, that is the ratio of incremental 

cost/incremental effect is known as the incremental cost-effectiveness ratio (“ICER”). 

Intervention ICERs are one of the considerations health technology agencies use in deciding 

on whether a new treatment represents value for money. New treatment ICERs falling below 

an ICER threshold, also referred to as a willingness to pay (“WTP”) threshold, which is the level 

of extra cost per extra unit effect a funder will pay for a new intervention, are judged of 

sufficient value to be recommended for use, all elements being equal [REF-15]. 

For health care system, health care outcomes inform decision makers with an estimate of the 

cost-effectiveness of a new treatment permitting them to derive a judgement of worth or 

value from the treatment’s relative performance, where a comparator or baseline is included, 

informing them of a relative or temporal change in value i.e., performance change from a 

different treatment or simply with the passage of time. Such information along with cost or 
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economic effect, helps a decision maker determine the worth or value of undertaking a new 

activity e.g., permitting a new intervention onto health care systems’ funding scheme. In 

value‐based care, which is defined by Teisberg et. Al 2020 as “the measured improvement in 

a person’s health outcomes for the cost of achieving that improvement” is the holistic patient-

centred approach that health care systems should follow [REF-16]. Understanding outcomes 

is central in providing value and represents an opportunity for redefining patient care. Value 

is created by improving the outcomes of patients with a particular clinical condition over the 

full cycle of care, which normally involves multiple specialties and care sites. To be successful, 

a key aspect of value-based care is working as teams (integrated practice units) centred 

around the patient’s clinical condition. As medicine has become more specialized and more 

complex, multidisciplinary communication and trust among the care team are paramount in 

providing value to patients. 

2.2.1 Types of Health Care Quality Measures 
Measures used to assess and compare the quality of health care organizations according to 

Donabedian are classified as either a structure, process, or outcome measure [REF-17]. 

Donabedian’s three components approach for evaluating the quality of care underpins 

measurement for improvement. Measurement for improvement has an additional 

component – balancing measures. Donabedian believed that structure measures have an 

effect on the process.  

2.2.2 Structural Measures 
Structural measures concern a health care provider’s capacity, systems, and processes to 

provide care. For example: 

• Whether the health care organization uses electronic medical records or medication 

order entry systems. 

• The number or proportion of board-certified physicians. 

• The ratio of providers to patients. 

2.2.3 Process Measures 

Process measures indicate what a provider does to maintain or improve health, either for 

healthy people or for those diagnosed with a health care condition. These measures typically 

reflect generally accepted recommendations for clinical practice. For example: 

• The percentage of people receiving preventive services (such as mammograms or 

immunizations). 

• The percentage of people with diabetes who had their blood sugar tested and 

controlled. 

Process measures can inform consumers about the medical care they may expect to receive 

for a given condition or disease and they, the patient, can contribute toward improving health 

outcomes. Most of the health care quality measures used for public reporting are process 

measures. 
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2.2.4 Outcome Measures 

Outcome measures reflect the impact of the health care service or intervention on the health 

status of patients. For example: 

• The percentage of patients who died because of surgery (surgical mortality rates). 

• The rate of surgical complications or hospital-acquired infections. 

Outcome measures may seem to represent the “gold standard” in measuring quality, but an 

outcome is the result of numerous factors, many beyond providers’ control. Risk-adjustment 

methods—mathematical models that correct for differing characteristics within a population, 

such as patient health status—can help account for these factors [REF-17]. 

For health care system, health care outcomes inform decision makers with an estimate of the 

cost-effectiveness of a new treatment permitting them to derive a judgement of worth or 

value from the treatment’s relative performance, where a comparator or baseline is included, 

informing them of a relative or temporal change in value i.e., performance change from a 

different treatment or simply with the passage of time. Such information along with cost or 

economic effect as it is termed, helps a decision maker determine the worth or value of 

undertaking a new activity e.g., permitting a new intervention onto health care systems’ 

funding scheme.  

Many existing measures were designed to meet the needs of health care providers and health 

plans, which use detailed indicators to pinpoint and fix specific problems with the care they 

deliver. We have sought to use the most “important” metrics related to each technology, 

covering -as much as possible- the holistic perspective of the health care system, hospital and 

patient, for the HosmartAI technologies. 

2.3 The Role of Patients in Decision Making Process  

Identifying, clarifying and taking into account a patient’s preferences for care is good clinical 

practice because it honours ethical principles of respect and autonomy. Also, the health 

benefits associated with accommodating patient reported outcomes and experiences 

measures will be of use in determining areas to improve, areas already sufficient and with the 

use of different instruments, different aspects of patient satisfaction and experience with a 

treatment strategy. Patient reported experience measures utility may be realized under 

conditions of relative equipoise [REF-18] – that is, the outcomes are sufficiently similar clinical 

and cost-effective enough so that one person might choose option A, whereas another would 

choose option B –, patient recorded outcomes e.g., experience or satisfaction measures PROs 

can contribute to the choice of treatment strategy, for which an organization seeks to gain 

regulatory approval. What counts as the ‘best’ outcome may be additionally take into account 

other measures, although patient preference, will and should remain the primary arbiter of 

treatment in operational practice. Shared decision-making (SDM) is promoted as an ideal 

model for treatment decision making [REF-19][REF-20]. Even if not well-defined, the key 

principle of SDM is a process that involves at least two participants (the patient and the 

physician), and often more (including family or professional colleagues) [REF-19]. Research 
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suggests that most patients want to be involved in medical decision-making and know about 

treatment alternatives [REF-21]. 

However, individual vary in the extent to which they want to participate [REF-22] [REF-23]. 

Therefore, patients should exercise the degree of control they wish. In some cases, patients 

want a large role, yet in other cases, they may delegate most decisions to a clinician. However, 

patients’ rights to be informed and participate in decision-making is well accepted, but not 

always well implemented [REF-24][REF-25]. 

Towle and Godolphin, in 1999 [REF-26] developed a set of competencies for physicians, policy 

makers and patients to engage in SDM. Additional steps can involve other health 

professionals and form a team around the patients and including family members and others. 

However, this can differ depending on culture, social status, and age groups. From the study 

the authors acknowledge that the patient also must be competent to engage in SDM, such as 

defining a preferred role in decision-making, engaging in partnership with physicians, 

articulating health problems and expectations, communicating, accessing and evaluating 

information, and negotiating and agreeing on action plan [REF-27]. Therefore, SDM is a 

mutual process, in which both patients and professionals must be active and involved. 
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3 Linking Outcomes with Key Performance Indicators in 

Health care 

3.1 Clinical Effectiveness & Safety 

HosmartAI pilots’ outcomes will be measured with 5 KPIs which represent the interests of 

different stakeholders. Clinical effectiveness could be considered the motivating force behind 

a study as unsurprisingly clinicians seek to administer either better or less adverse (side 

effects/adverse events) treatment, which are effective, efficient and safe. Patients have 

broadly similar hopes although likely with less interest in Pareto gains e.g., less willing to live 

with side effects such as a raised probability of cancer of the jaw for bone remineralisation 

especially where the gains may have wide margins of uncertainty or be realised only in small 

subpopulation. Thus, measurement of the size of clinical effect, uncertainty (standard error), 

its cost, time scale, and any adverse events is of interest.  

The clinical outcomes may include any outcome a clinician considers of use in the 

management of patient’s condition. These may include the accuracy of a test, survival length, 

mean time between recurrence or progression to a qualitatively distinct worse/better state 

of health e.g., disease free or diagnosed states of a disease, accuracy of diagnostic tools, 

minimisation of variation between repeat events, identification and assessment of 

presence/absence/levels of risk factors and their significance in predicting outcome, or simply 

saving time on the administration associated with a process e.g., reviewing diagnostic video 

to determine the appropriate clinical approach. The size of the effect is measured over the 

duration of treatment for the treatment strategy and typically compared with a control or 

comparator, e.g., usual care where used, such as in a randomised controlled trial. For the 

HosmartAI technologies, the eight pilot projects will choose, gather and analyse their own KPI 

measures including of clinical effectiveness. 

A patient’s course of health may be conceived as a continuum through life, described either 

by complex algorithms of varying patterns of health inputs and outcomes associated with a 

condition or alternatively, a patient’s course of health may be considered as a transition 

through various discrete states of health. These states may cover the period from entry to a 

trial or diagnosis to the end of an observation period i.e., a trial and extrapolated to the 

expected cessation of change in effect e.g., at death or for example, recovery from an 

infection, surgery or a sprained ankle. In the discrete states approach, known as a state 

transition model [REF-28] e.g., for cancer, a patient may be said to transition from progression 

free survival to a progressed state to death. There may be variations in the route. While for 

infections, at their simplest level, a model may be composed of the states: susceptible, 

infected, recovered. Model variations could include exposed and reinfected states with 

various possible routes between states. Model parsimony is a useful discipline, enforcing 

hypothetical clarity on what elements constitute significant states, a necessity for model 

construction. Costs, quality of life and risk rates for clinical effects within states and rates of 

transition between states with some other considerations allow, through the assignment of 

input parameters, to state an extrapolation of the model outcomes, identified in a trial. This 

process permits estimation of the level of long-term inputs, outcomes and probability of cost-
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effectiveness through stochastic parametric variation, and the probability of cost-

effectiveness. 

Clinical effectiveness may track any activity thought to lend itself to an improvement in 

patient outcomes, although traditionally these activities and associated outcomes have 

tended to comprise diagnoses, measures or estimates of mortality, prognoses and 

biochemical, electrophysiological or other observed markers of the process of a functioning 

body. Likewise, the measurement and reporting of adverse events is important so that areas 

needing further research are identified. The essence of the measurement is to get an estimate 

of how well or poorly a process works as a proxy for how a patient is faring. Typically, this 

would be compared to existing process or treatment e.g., Usual Care as the comparator to 

allow removal of background effects where an intervention was applied concurrent with a 

comparator or provide an alternative treatment strategy consideration where the two 

treatment strategies were each applied alone on a split sample population.  

Aside from traditional interventions, additional services may also assist both patient and staff 

and these may require different outcomes to be measured. For example, compare the 

“treatment” strategies of receptionist Usual Care or an AI appointment scheduling algorithm, 

used, for illustrative purposes, around a busy hospital reception/administration desk, 

managing incoming and exiting day-care appointment patients and their digital notes from 

different departments. These two treatment strategy approaches may show differences in 

the speed of booking an appointment, the number of patients they can handle per day, the 

patient and staff experience through the intervention vs comparator and the fit to multiple 

and potentially departmentally varying priorities for resources and clinical areas with some 

parameters independent and others interacting; in short, a complex task, for which a suitably 

well programmed AI algorithm may be ideally suited to constant demand.  

Other departments may have different outcome needs. For example, in a department using 

tissue structure to identify malignancies or pathology; accuracy, productivity, reproducibility 

and patient survival and or quality of life may show varied outcomes between intervention 

and comparator. For example, the comparator, Usual Care i.e., clinician undertaken or the 

intervention, AI algorithm, analysis of fused tissue imagery with other forms of data e.g., 

genotypic may help improve accuracy, the number of correctly diagnosed cases of all 

potential disease cases seen by that clinic and the non-diagnosis of cases who do not have 

the disease of all people presenting without the disease. Mapping tissue samples and 

subsequent AI imagery analysis may permit more efficient analysis in the future i.e., more 

analysis per unit time. Furthermore, minimized variation between expected and observed 

outcomes across serial analysis would permit improvements in accuracy, with potentially 

further benefits as dose refinement, fewer side effects/better safety, better treatment 

outcome and quality of life expectations in patients. However, the recent COVID pandemic 

has also highlighted the risks of a just in time marketplace with limited internal resilience. Of 

the two treatment strategies, the traditional approach ensures a supply of competent future 

surgeons, although whether their numbers alone would meet the needs of expanding aging 

population is another matter.  
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3.2 Patient Reported Outcomes Measures (PROMs) 

PROMs are tools formulated as a series of health-related questions to evaluate individual 

patient health status such as when comparing different treatment strategies for their impact 

on patient health states [REF-29]. PROMs are self-reported instruments and consequently, 

are a direct reflection of the patient’s assessment of their capacity to experience or undertake 

the subject of a PROM’s questions, rather than an interpretation of patient reflections by a 

third party e.g., a clinician or carer, unless the patient is unable to respond, then the carer 

may answer on behalf of the patient. PROMs ask patients to answer a typically limited number 

of questions, where the patient selects a level of experience most closely reflecting their 

current health status at the time of answering. The level reflects the patient’s lesser to greater 

difficulty conducting or experiencing the subject of the question. The summed answers, 

subtracted from 1, yield the health status e.g., quality of life and when treatment duration is 

weighted by QoL, quality of life weighted years also known quality adjusted life years 

(“QALYs”) are estimated. QALYs are a measure combining both the level and duration of 

quality of life for a patient. Accordingly, PROMs allow impact assessment of various treatment 

strategies on patient health outcomes to be assessed by patients and over time, on patients 

[REF-29]. 

PROMs facilitate patient self-assessment of the impact of a treatment across different 

domains of their life from a capability perspective i.e., the degree of a patient’s ability to 

conduct that activity.  

PROMs primary use is to measure patient’s quality of life in qualitative terms. They are used 

in cost-effectiveness evaluations to determine health economic outcomes i.e., QoL during 

treatment with different treatment strategies over time. When utility measures are used, the 

evaluation is referred to as a cost utility analysis [REF-31]. A utility measure reflects individual 

preference for different health outcomes e.g., life and death, measured on an interval scale 

with 0 reflecting death and 1 full health. During the years, QoL has become the basic metric 

for the reimbursement decision making process in medicine, both pharmaceuticals and 

medical technologies [REF-33][REF-34]. 

3.2.1 Patient Centred Approaches 
In medicine, patient-centred approaches are used where the consequences of conditions can 

be better understood from an experiential, subjective experience, rather than a theoretical 

perspective of experience [REF-35][REF-36]. For example, for dysarthria patients, affected by 

weak or poorly controlled speech muscles, a speech-language pathologist may be the best 

assessor of impairment risk factors related to velopharyngeal dysfunction and their 

contribution to dysarthria. Yet the patient is best suited to assess impact on psychosocial 

factors such as their participation in various professional, social or personal activities [REF-

29]. Therefore, both clinical-effectiveness and PRO measures are needed to identify likely 

treatments outcomes for both clinical and quality of life improvement. 
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3.2.2 PROMs in Economic Analysis 
In cost-effectiveness or cost-utility analysis, incremental cost-effectiveness ratio (“ICER”) is 

estimated using the cost difference as a numerator divided by the effect difference as 

denominator. The effect is typically measured in both clinical effectiveness measures and with 

PROMs, normally as QALYs in a CUA. However, a variation of theme exists whereby where if 

no primary outcome difference or QALY difference is noted, a cost minimization strategy 

might be undertaken to identify the treatment with the lowest cost i.e., why pay more if there 

are no further clinical of health economic consequences, unless there were significantly 

different safety or adverse events or side effects with one treatment over another. For 

example, a comparison of surgical techniques for myocardial revascularisation examined off- 

and on-pump coronary bypass surgery for myocardial revascularisation in Greek adults. 60 

off-pump and 42 on-pump patients were assessed for all-cause mortality, cost-effectiveness 

and QoL [REF-37]. No significant difference in the primary outcome, in-hospital mortality, was 

found between the treatments, although the off-pump group had significant and greater 

reduction in complication rate - the off-pump group was 41% vs 72% for the on-pump group, 

p=0.001. The off-pump group had a lower cost than the on-pump group i.e., costs - off-pump 

€6.52 +/-0.93 vs on-pump €9.87 +/- 1.30, p=0001; the off-pump group had shorter hospital 

stay duration than the on-pump group - mean length of stay for off-pump group 4.93 +/-0.93 

days, on-pump, 6.58 +/- 1.04 days, p0.0001. One year post surgery, quality of life was not 

significantly different between treatments. Such a study with equal primary clinical outcomes 

i.e., equal survival between treatment strategies and no significant difference in QoL would 

be suitable for a cost-minimisation analysis. The lower complication rate, costs and length of 

stay for the off-pump treatment would suggest the off-pump rather than on-pump treatment 

would be the better choice, although QoL during the first as well after 1 year would need to 

be reviewed, as well as treatment longevity.  

Furthermore, the use of PROMs for individual patient management has been consistently 

shown to improve clinician-patient communication, detection of problems, management of 

conditions and patient outcomes, such as symptom control, health-related quality-of-life, and 

functioning [REF-38][REF-39]. 

3.2.3 Valuation 
PROM health states are accorded values by survey of either the public for generic PROMs or 

patients with the relevant condition for condition specific PROMs. Different valuation 

methods are available including Time Trade Off (TTO), Standard Gamble (SG) and rating scales 

also known as Visual Analogue Scale (VAS)[REF-40][REF-41][REF-42]. Time trade-off [REF-31] 

is a method of eliciting health state weights by asking patients to trade Y years in health state 

X versus Z years in full health e.g., 20 years at 0.5 QoL in X versus 12 years full health in state 

Z. Z is varied until the respondent is indifferent between the alternatives e.g., 20 years at 0.5 

QoL in X versus 16 years full health for Z. The quality weight of X is then set equal to Z/Y, in 

this example 16/20 equals 0.8 [REF-43][REF-44] [REF-45]. 

Standard gamble (SG) weights for health states are determined by offering respondents in 

health state X, a defined number of years for certain or to choose between 2 reference 

outcomes, typically full health for the same number of years or immediate death. The 
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probability of full health is varied until the respondent is indifferent between the two 

alternatives i.e., full health at probability 0.28 for 12 years or health state X at QoL 0.64 for 12 

years. The indifference probability is the weight assigned to state X [REF-45].  

For the rating scale, a respondent marks their health state to be assessed on a 0-100 

“thermometer” scale, where 0 = immediate death and 100, full health. The weight assigned 

to the health is the reading divided by 100 [REF-45]. 

Discussion on the methods relative performance and benefits may be found at Torrance 

(1976) and Drummond (1987) [REF-31][REF-46]. 

3.2.4 Types of PROM 
There are many sorts of PROM which may be categorized (University of Oxford PROM Group, 

accessed 2021) as:  

• Condition-specific e.g., the Rotator Cuff-Quality Of Life (RC-QOL), cancer specific 

EORTC-QLQ-C30  

• Population-specific e.g., Child Health and Illness Profile – Child Edition (CHP-CE), Child 

Health Utility -9 Dimension (CHU-9D) 

• Dimension-specific e.g., Hospital Anxiety and Depression Scale (HADS) 

• Generic/General Population e.g., SF-36, EQ5D, HUI 

• Individualised e.g., Patient Generated Index 

• Summary items e.g., UK General Lifestyle Survey questions about accidents 

• Utility measures e.g., EuroQol, Health utilities index (HUI), SF6D 

For example, for a condition specific PROM, the European Organisation for Research and 

Treatment of Cancer has created instruments e.g., EORTC-QLQ-C30 Quality of Life of Cancer 

Patients [REF-47]. With EORTC, patients select between not at all, a little, quite a bit, very 

much for the questionnaire’s domains. Using cut-offs in the EORTC-QLQ-C30 outcome, 

another study was able to identify patients with unmet needs, helpful for clinical 

management [REF-38][REF-39][REF-40].  

In addition to a PROM being categorized as one form or another of the preceding list, multiple 

PROMs may be used to determine where or whether a patient is (most) affected by some 

treatment strategy above another. For example, for atopic dermatitis (AD) and chronic hand 

eczema (CHE), the condition specific PROMs Dermatology Life Quality Index, Pruritus/Itch 

Numeric Rating Scale, Patient-Oriented Eczema Measure, and Quality of Life in Hand Eczema 

Questionnaire appear frequently in the literature [REF-48], even at the risk of some overlap 

[REF-41][REF-42].  

Alternatively, generic PROMs could be used instead or additionally PROMs such as EQ-5D 

[REF-49][REF-50], WHOQOL [REF-51] and HUI [REF-34] are all utility measures which measure 

QoL in the general population. Utility measures measure the quality of life, permitting 

comparison across diseases e.g., Health Utilities Index (HUI) [REF-34]. HUI is formatted as HUI-

2 with 24,000 unique health states or HUI-3 with 972, 000 unique health states. HUI measures 

sensation, mobility, pain, cognition, ambulation and emotion. It can be used to calculate 
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QALYs. Short Form 6 Dimensions (SF6D), a Short form 6 dimension of a truncated version of 

SF36, is suitable for deriving QoL [REF-52][REF-53]. Rather than SF36, which is unsuitable 

alone for creating a value set because it does not allow trade-offs between different 

dimensions of the questionnaire, SF6D has an algorithm to create a continuous measure of 

health and was tested against a large sample of the UK population [REF-53].  

There has been a proliferation of measures of quality of life and health status over the last 

two decades. In 2000, 1,275 separate measures existed, and the production of new measures 

was considerably growing [REF-54]. As such, there is a need for generic, comparable 

measures. Amongst this variety of measures, previous studies have highlighted three 

instruments important for measuring PROMs: the SF-36® [REF-52], PROMIS 10 [REF-39] [REF-

55] and EQ-5D [REF-49]. All three instruments provide a means of describing (generating a 

“profile” of) health. The SF-36® applies an algorithm to patients’ responses to individual 

questionnaire items and scales to produce two summary scores: one for physical health and 

one for mental health. The EQ-5D uses a visual analogue scale to elicit from patients a single 

score for their overall health. The PROMIS 10 does not yield an overall score but gives physical 

health and mental health component scores. Extensive research has been done on the 

validity, reliability, reproducibility, and utility of health status surveys when applied to general 

audiences and sub-groups based on age, sex, nationality, and disease entity. The EQ-5D and 

SF-36® have both been used in large surveys of the general public – population norms are 

available for both that may have relevance in “benchmarking” performance. Both generic 

measures – EQ-5D and SF-36® – have validated translations of their instruments available in 

a range of languages. The PROMIS instrument, being much newer, has a limited evidence 

base. Table 2 presents the comparison of the three most widely used generic PROM 

instruments. 

Table 2: Comparison of the Three Generic PROMs Instruments. 
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The SF-36 is a widely used generic measure of health status. Thirty five of the 36 items are 

grouped into eight scales that address health constructs considered to be important to most 

health care situations: physical functioning, role limitations (physical problems), bodily pain, 

general health, vitality, social functioning, role limitations (emotional problems), and mental 

health. One item assesses the perception of changes in health but is not used to compute 

scale scores. The SF-36v1® was developed in 1990 during the Medical Outcomes Study (MOS) 

to measure generic health concepts relevant across age, disease, and treatment groups. It is 

available in 161 languages [REF-52]. The EQ-5D has two components: EQ-5D Visual Analogue 

Score asks patients how good or bad [their] health is today, on a scale of 0 (worst) to 100 

(best). The second component, the EQ-5D index score, asks patients to indicate their current 

health status in dimensions of mobility, ability to undertake self-care, ability to undertake 

usual activities, pain/discomfort, and anxiety/depression. It was developed in 1990 and is 

available in 170 languages. The PROMIS Global Health questionnaire was developed by the 

National Institutes of Health in 2009. The questionnaire includes a 10-question survey that 

assesses generic health-related quality of life compared with population norms. PROMIS 10 

gives a summary indicator of health status by assessing five domains: physical function, 

fatigue, pain, emotional distress, and social health. Nine of 10 questions are answered using 

5-point Likert scales, and the 10th question is answered using a numerical rating scale. 

3.2.5 EQ-5D & Quality Adjusted Life Years (QALYs) 
The PROM, EQ5D is a utility measure, permitting comparison of outcomes across diseases, 

similar to other utility measures, HUI and SF6D. EQ5D measures QoL which when combined 

with duration creates the measure, quality adjusted life years (QALYs). The QALY is a measure 

of the value of health outcomes. Since health is a function of length of life and quality of life, 

the QALY was developed as an attempt to combine the value of these attributes into a single 

index number. The QALY calculation is simple: the change in utility value induced by the 

treatment is multiplied by the duration of the treatment effect to provide the number of 

QALYs gained. QALYs can then be incorporated with medical costs to arrive at a final common 

denominator of cost/QALY. This parameter can be used to compare the cost-effectiveness of 

any treatment.  

EQ5D exists as a number of forms e.g., EQ5D*, EQ5D-5L and EQ5D-3L (www.euroqol.org, 

accessed 1/11/2021). EQ5D-3L [REF-49] for example, has 3 levels of sensitivity for each of its 

questions, creating 3^5 or 243 unique health states for patients to choose between. When a 

value set was created for the UK, 43 states were valued by the public, using a technique 

known as time trade-off (“TTO”), from which the remaining states’ values were regressed 

[REF-50].  

Use of the tool requests patients to answer a question, selecting a level of answer equivalent 

to their health at the time e.g., “…mark the option which best describes your health today” 

(for your) usual activities. There are 4 other question areas including mobility, self-care, 

pain/discomfort and anxiety/depression, creating 5 dimensions in total for which a patient 

selects from a choice of no problems, some problems or unable to perform for this question. 

The choices of response which patients are asked to select between are discrete i.e., non-

overlapping, allowing a respondent to assign an answer definitively to one category of 
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response, helping create a reliable instrument, i.e., the same outcome, if used again at a 

different time, under the same conditions. This is a consequence of considerable rigour in 

PROM design, including use of patient input to determine matters of significance to patients 

and clarity of questions to stakeholders.  

Individual EQ5D-3L index scores range between -0.594 (for the state 33333) and 1.000 (for 

the state 11111). The highest value is assigned to patients who report the best possible health 

state for each of the five domains. 3L values are used by the UK, Australian and Canadian 

health technology agencies, respectively National Institute for Health and Care Excellence 

(NICE), Pharmaceutical Benefits Advisory Committee (PBAC) and the Canadian Agency for 

Drugs and Technology in Health (CADTH) (Euroqol, accessed 30/9/2021). 

EQ-5D is considered the PROM of choice in order to be able to measure QALYs and is the most 

common generic measure of the international literature in cost-utility analysis. 

The EQ5D-3L questionnaire is presented in Figure 3. 

 

Figure 3: EQ-5D-3L Questionnaire. 
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Use of this questionnaire is subject to permission by Euroqol (www.euroqol.com). 

EQ5D-3L is the recommended PROM for the HosmartAI study as it is validated, exists in many 

languages and is used by a number of health technology agencies. However, the choice of 

PROM is open to each study, who should select the PROM most valuable to their programme. 

For the HosmartAI project which is being undertaken in a number of countries in the EU, a 

well-known PROM which is validated against locally measured populations is ideal. EQ5D-3L 

is a validated instrument, it is commonly used by health technology authorities and is 

available in many languages. It is also short and simple to use and self-filled. EQ5D-3L consists 

of 5 domains of question reflecting 3 levels of patient’s perception of their health that day in 

those areas. Most pilots have been willing to consider using EQ5D-3L, although some have 

other/additional instruments that may be used e.g., Pilot 5, a national instrument and Pilot 6, 

SF36. Of the 5 questions EQ5D-3L poses, 3 levels of answer (none, some, much) are accorded 

greater decremental values the more severe the disablement. The sum of decrements 

subtracted from the maximum quality of life, weighted at unity i.e., 1 gives the QoL. The 

current range of tariffs are listed at EuroQol (https://euroqol.org/) [REF-49]. Thus, EQ5D-3L is 

recommended [REF-49]. 

3.3 Patient Reported Experiences Measures (PREMs) 

Health systems are searching for ways to make their services more responsive to patients and 

the public. Often there is a perceived need to respond to consumer pressure and to make 

health care more like other consumer experiences, which has advantages and disadvantages 

that we are going to analyse further below. In order for a health system to be able to identify 

consumer/patients' experiences, there is a need for patient engagement. The patient is 

encouraged to take an active role as a key player in protecting their health, choosing 

appropriate treatments for episodes of ill health and managing chronic disease.  

Considerable evidence suggests that patient engagement has been proved to improve 

patient’s satisfaction with a positive impact on their clinical and economic aspects. The 

distinct role of patients in health care is presented in Table 3. 

Table 3: The Distinct Role of Patients in their Health Care. 

Patients can play a distinct role in their health care by: 

• understanding the causes of disease and the factors that 

influence health; 

• self-diagnosing and treating minor self-limiting conditions; 

• selecting the most appropriate treatment for acute conditions, in 

partnership with health professionals; 

• managing treatments and taking medications appropriately; 

• monitoring symptoms and the effects of treatment; 

• being aware of safety issues and reporting them; 

• learning to manage the symptoms of chronic disease; and 

http://www.euroqol.com/
https://euroqol.org/
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• adopting healthy behaviour, to prevent the occurrence or 

recurrence of disease. 

 

Recognizing their role and seeking to strengthen it is fundamental to securing a more patient-

centred approach to health care delivery. It also provides the essential underpinning for 

strategies that aim to reduce health inequalities and improve health for all. 

PREMs seek to determine how patients find the quality of their care from the patient’s 

perspective. Similar to PROs, patient experience is also measured using surveys or 

questionnaires. These can be administered in various ways. A number of approaches and 

questions have been developed. Questions can be tailored to a certain setting e.g., primary 

care, home, hospital, long-term care or assess a specific aspect of care (e.g., continuity, 

autonomy, quality of information provision). PREMs, developed from a patient marking a 0-

100 rating scale “thermometer” according to their satisfaction with the subject of the 

question e.g., quality of today’s service, fulfilment of needs, etc, have gone on to generate 

more granular instruments which seek to deconstruct the aggregate ratings scale score or 

broaden the range of questions e.g., how patients have found service accessibility, 

communication, continuity and confidence. These data are now used to inform development 

of health services and treatments [REF-60].  

Collecting and using patient-reported data a range of factors influence the outcomes of care 

as reported by patients, including behaviour, adherence, age and comorbidities. But 

readmission and mortality are subject to the same confounding variables. Like any outcome 

data that are used for benchmarking, confounders for patient-reported indicators should 

usually be adjusted in order to enable meaningful comparisons [REF-61]. All data, whether 

patient-reported or not, have limitations and should be interpreted with the necessary 

caution [REF-62]. 

PREMs include myriad specific condition/treatment/population instruments. Alternative to 

patient considerations, user reported experience measures (“UREMs”) might be considered 

as a means to determine treatment preference from different stakeholder groups e.g., 

clinicians/nurses/other hospital staff/carer, to answer questions relating to how easy the use 

of new treatment strategy was, how easy it was to use aspect abc, would you recommend the 

use of treatment strategy a or b to colleagues. Once again, answers to such questions help 

inform the development of better instruments. 

3.3.1 PREMs Evaluation Methods  
PREMs come in a variety of forms depending on the objective, the disease area, the patient 

manifestation and the technology which is going to be assessed. In the simplest form, a PREM 

might be used to answer how good was your treatment or experience today? It could be 

answered by the user marking a line across a 0-100 visual analogue (thermometer-like) scale, 

or Visual Analogue Scale (VAS) to determine a user’s satisfaction with the treatment, where 

100 represents absolute satisfaction and no satisfaction, as illustrated in Figure 4 below. The 

patient is asked to indicate the level of satisfaction from the health care service he used by 

drawing a line through the 0-100 thermometer scale. The lower the mark, the less satisfied 
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patient and vice versa. A mark at the bottom indicates absolute dissatisfaction and at the top 

absolute satisfaction.  

Figure 4: A Visual Analogue Scale for Assessing Patient Reported Experience of Treatment. 

As mentioned in Section 3.2 regarding PROMs, a generic measure to measure Quality of life 

is Likert Scare, which is also used for patient experience measures, as described below. 

Likert [REF-57] formed a mode analysis splitting progressively strengthening, ordinal 

categories of response to allow estimation of the frequency of responses over a continuum 

across responders through categorisation “bins” against questions, such as, how satisfied 

were you with today’s service (or with x aspect of today’s service, if drilling deeper) [REF-

58][REF-59]. The bins, splitting a data series into not necessarily equally sized [REF-63], but 

non-overlapping bins to measure frequency over what should be discrete ranges e.g., for a 2-

point scale on the question, how satisfied were you with the Likert scale explanation? 

Not all   Fully 

The bins are clearly non-overlapping. As the number of bins increases, maintaining discrete 

distinction could become a challenge e.g., Over the last year, how often did you feel your 

clinical problems were completely met: 

never, rarely, now and then, sometimes, frequently, always 

where the difference between now and then and rarely or sometimes is debatable, which 

could create different responses and so unreliability if a study were repeated. Accordingly, 

deleting ambiguous bins i.e., “now and then” to produce fewer but more reliable and easily 

distinguishable interpretations would create a better instrument e.g., if you asked to rank 

from least to most frequent, the following terms, what would be the answer? 

never, rarely, sometimes, frequently, always 

In this case, rarely is easily understood as less frequent than sometimes and sometimes less 

frequent than frequently and never the least frequent. 

Indeed, infinite division of categories approaches reversion to a continuum, where integration 

of the area under the curve would define a quantitative response value to a single question, 

but with less intuitive interpretability than a limited number of ordinal category bins exploring 

qualitative progression, defeating the purpose of a categorization. 

Likert scales also be constructed to measure: 

• Strength of agreement 
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• Frequency of occurrence 

• Pre-event quality expectation 

• Post-event quality ranking 

• Importance 

• Likelihood 

VAS or Likert scales might be used to gather patient satisfaction for example where there is a 

low or mixed reading age [REF-57]. However single item scales have previously been reported 

as lacking reliability and so validity [REF-64]. Accordingly, more sophisticated instruments, 

disease or treatment specific should at least be considered. There are many disease-specific 

PREMs, which are similar to PROMs.  

PREMs represent an alternative perspective of how well a treatment seemed today, from the 

patient or alternative user’s (carer or clinician) perspective. Some examples of PREM 

questionnaires are presented with a short description in Table 4 below:  

Table 4: Patient Reported Experience Questionnaires. 

Patient Reported Experience Questionnaires Reference 

PSQ-18 -The Patient Satisfaction Questionnaire Short 
Form a Likert scale patient satisfaction questionnaire 
short form (PSQ-18) uses 7 domains of question, namely 
general satisfaction, technical quality, interpersonal 
manner, communication, financial aspects, time spent 
with doctor and accessibility and convenience. [REF-65] 

Thayaparan, A. J., & Mahdi, E. (2013). The 
Patient Satisfaction Questionnaire Short 
Form (PSQ-18) as an adaptable, reliable, 
and validated tool for use in various 
settings. Med educ online, 18, 21747. 
https://doi.org/10.3402/meo.v18i0.21747 

ENDOPREM: Patient Experience of GI  
Endoscopy Questionnaire in both Routine Clinical Care 
and Research Studies:5 Domains - Anxiety, Expectations, 
Choice & control, Communication & Information, 
Embarrassment & Dignity. [REF-66] 

Neilson LJ, Patterson J, von Wagner C, 
et al. (2020) Frontline Gastroenterology 
11:209–217.doi:10.1136/flgastro-2019-
101321  

PSNCQQ - Patient Satisfaction with Nursing Care Quality 
Questionnaire: 12 Domains - nursing and daily care, 
ancillary staff and hospital environment, medical care, 
information, admissions, discharge and billing, overall 
quality of care and services, recommendations and 
intentions, overall quality of care during the hospital stay, 
overall quality of nursing care, intention to recommend 
the hospital to family and friends and overall health 
outcomes. [REF-67] 

Laschinger, H.S, McGillis L, Pedersen, C; 
Almost J. (2005) A Psychometric Analysis 
of the Patient Satisfaction With Nursing 
Care Quality Questionnaire, J Nurs Care 
Quality 20(3):220-230.  

 

Alternative to patient considerations, User Reported Experience Measures (UREMs) might be 

considered as a means to determine treatment preference from different stakeholder groups 

e.g., patient/ clinicians/ carer. There appears to be no consensus on a particular PREM or 

group of PREMs as dominating use. Accordingly, pilot leaders must make their own choices 

or whether they need to address user or patient satisfaction or experience.  

https://doi.org/10.3402/meo.v18i0.21747
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A few examples of User Satisfaction Experience Measures are described in Table 5.  

Table 5: User Related Experience Questionnaires. 

Questionnaire & Domains Reference 

SUTAQ – Service User Technology Acceptability 

Questionnaire 

Digital system assessment by end users 

Questionnaire Domains: 

Perceived benefit, privacy and discomfort, care 

personnel concerns, Kit as substitution 

and satisfaction. [REF-68] 

 

Torbjørnsen, A., Småstuen, M. C., Jenum, A. K., 

Årsand, E., & Ribu, L. (2018). The Service User 

Technology Acceptability Questionnaire: 

Psychometric Evaluation of the Norwegian 

Version. JMIR human factors, 5(4), e10255. 

https://doi.org/10.2196/10255  

SUS - System Usability Scale  

Ease of use or functional operation of 

technology (or lack thereof) software, hardware, 

mobile devices, and other technological 

applications. 

Questionnaire Domains: Effectiveness, 
efficiency and satisfaction.[REF-69]  

Brook J. (2013) SUS: A Retrospective. J Usability 
Studies 8(2):29-40 
JUS Journal Template (uxpajournal.org) 
 
 

UEQ - User Experience Questionnaire 
Questionnaire domains: 
attractiveness - perspicuity - efficiency –
dependability – stimulation and novelty using a 
new technology. [REF-70]  
 

Hinderks A., Schrepp M, Domínguez Mayo MJ, 

Escalona MJ, Thomaschewski J (2019), 

Developing a UX KPI based on the user 

experience questionnaire, 

Comp Stand Interfaces, 65:38-44, 

https://doi.org/10.1016/j.csi.2019.01.007.  

 

3.3.2 Policy Makers & Patient Reported Experiences Measures (PREMs): The 

case of OECD PaRIS initiative 
In 2017 the OECD Health Committee launched the Patient Reported Indicator Survey “PaRIS” 

initiative with the objective of health systems to become more people-centred by developing 

international benchmarks of health system performance based on data reported by patients 

themselves [REF-70]. Health systems are in need of better information about the value and 

outcomes they produce. In this committee it was identified that there is little information 

available about the impact of health care services upon the people served, beyond re-

admissions to hospital, complications and deaths, thus there was a strong need to assess 

health care outcomes from the perspective of the people served. PaRIS was initiated in order 

to build international capacity to measure and compare patient-reported indicators, using 

indicators that enable comparisons across countries. It also aimed to encourage patient-

reported indicators to evolve in a common direction internationally, to enable shared 

learning, development and research. This is key to learning how well health services deliver 

their ultimate objective: supporting people in regaining and sustaining their health and well-

being [REF-71]. 

https://doi.org/10.2196/10255
https://uxpajournal.org/wp-content/uploads/sites/7/pdf/JUS_Brooke_February_2013.pdf
https://doi.org/10.1016/j.csi.2019.01.007
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Given the global trend of increased expenditure on health care as a share of national income, 

it is surprising that systematic, empirical measurement of the outcomes and experiences of 

care from the patient’s perspective is still the exception in most health care systems. This gap 

in knowledge limits the ability for evidence-based policy making and the ability to maximise 

the benefits of health care at acceptable costs. It is difficult to improve what is not being 

measured. The PaRIS initiative addressed this knowledge gap.  

The general objective of the PaRIS initiative was to develop, pilot and implement new patient-

reported indicators of health system performance, specifically patient-reported experience 

measures (PREMs) and patient-reported outcome measures (PROMs). PaRIS contributed to 

health systems to become more people-centred by providing systematic, internationally 

standardized information on what matters most to patients. 

The most important PREMs for the HosmartAI technologies are patient/physician satisfaction 

and user experience measures. Both metrics will provide important insights into the patient-

centric domain of the AI technologies.  

3.4 Hospital Efficiency/Productivity Measures 

Health care efficiency is a growing issue in most European countries where health care 

expenditure is rapidly increasing. Therefore, accurate productivity metrics are essential to 

avoid sub-optimization within the health care system. A major feature of health-care systems 

is substantial variation in hospital productivity. Hospital productivity varies widely across 

countries. The presence of such variation suggests potential areas for improvement, which 

can substantially lower health care costs.  

This trend has resulted in the proliferation of quality indicators to measure performance and 

outcomes. Indicators may be used to monitor the quality of care in a single institution or 

across the health care system, to promote quality improvement activities, to make 

comparisons over time between institutions (Benchmarking), or to assist consumers to 

choose health-care providers [REF-72].  

Quality measurement can be a costly and time-consuming activity, and thus the judicious 

selection of indicators that contribute to an aggregate understanding of health-care quality is 

imperative. We have argued previously that indicator development should proceed in a 

systematic fashion, targeting areas where the need is greatest, and have described a 

framework to assist with this aim. For this to be achieved, it is first necessary to identify and 

classify areas of need. Thus, the effort posed was to identify and classify clinical and process 

indicators currently being used in various countries to measure the quality of care provided 

by hospitals, and to identify commonalities in measurements in order to be able to apply at 

HosmartAI technologies. Specifically, we aimed to identify and classify indicators according 

to: 

• Domain to which they apply (hospital-wide, surgical and non-surgical clinical 

specialties and departments). 

• Aspects of care provision (structure, process outcome). 
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• Dimensions of quality (safety, effectiveness, efficiency, timeliness, patient-

centredness and equity). This information was then used to identify gaps in current 

measurement. 

For health production processes of any complexity, there are usually a number of stages in 

the transformation of resources to outcomes, and much of the confusion in discussing 

efficiency arises because commentators are discussing different parts of that process. To 

illustrate, Figure 5 represents a typical (but simplified) process associated with the treatment 

of hospital patients. The overarching concern is with cost-effectiveness, which summarizes 

the transformation of costs (on the left-hand side) into valued health outcomes (the right-

hand side). However, the data demands of a full system cost–effectiveness analysis are often 

prohibitive, and the results of such endeavours may in any case not provide policymakers with 

relevant information on the causes of inefficiency, or where to make improvements. To take 

remedial action, decision-makers require more detailed diagnostic indicators of just part of 

the transformation process. 

 

Figure 5: The Production Process in Hospital Care. 

Physical outputs are created by aggregating activities for a particular service user. In a hospital 

setting, this usually refers to single episodes of patient care, an aggregation of many actions 

such as tests, procedures, nursing care and physician consultations. There is great scope for 

waste in this process, for example, in the form of duplicate or unnecessary diagnostic tests, 

use of branded rather than generic drugs, or unnecessarily long length of stay. Much depends 

on how the internal processes of the hospital are organized so as to maximize outputs using 

the given inputs. The well-known metric of length of stay, which indicates the number of bed 

days expended per case, falls into this category. The final stage of the health system 

production process is the quality of the outputs produced. Even when they employ the same 

physical inputs, activities or physical outputs, there is great scope for variation in effectiveness 
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among providers. The notion of quality in health care has a number of connotations, including 

the clinical outcomes achieved (usually measured in terms of the gain in the length and quality 

of life) and the patient experience (a multidimensional concept). So, for example, even though 

two hospitals produce identical numbers of hip replacements, because of variations in clinical 

practice and competence, the value they confer on patients (in the form of length and quality 

of life, and patient experience) can vary considerably. Quality-adjusted output is usually 

referred to as the outcome of care in the literature. Quality of care has become a central 

concern of policymakers, and its measurement, while contentious, is usually essential if a 

comprehensive picture of efficiency is to be secured. Note that the unit costs metric usually 

links costs to physical outputs. The numerous partial efficiency indicators that have been 

developed seek to shed some light on the reasons for variations in unit costs. Some metrics, 

such as the labour productivity or length of stay examples, are based on only partial measures 

of inputs or outputs. Some are capable of adjustment for external influences on attainment, 

others are not. None addresses the production process in its entirety, that is, the cost–

effectiveness with which costly inputs are converted into valued outputs. 

Furthermore, this example looks only at the hospital sector, without reference to other 

aspects of the health system. It, therefore, focuses mainly on hospital productivity, making 

no judgement on other issues, such as whether patients might have been treated more cost-

effectively in different settings (for example, primary care or nursing homes). And by focusing 

on the curative sector, it can shed no light on the success or otherwise of the health system’s 

efforts to prevent or delay the onset of disease. A further aspect of whole system 

performance that is ignored is the impact of hospital performance on other sectors within the 

health system. For example, it may be the case that apparently high levels of efficiency in the 

average length of stay are being secured at the expense of heavy workloads for rehabilitative 

and primary care services, which may or may not be efficient from a whole system 

perspective. 

HosmartAI pilots’ will define, gather and analyse their own measures of productivity/process 

outcomes, which vary considerably according to the nature of the pilot. 

Each organization, like a hospital or health centre, consumes a series of physical resources, 

referred to as inputs, often measured in terms of total costs. The organization then 

transforms those inputs into a series of valued outputs. Although measuring the aggregate 

value of inputs in terms of total costs is relatively uncontroversial, the valuation of aggregate 

outputs in the health sector depends on how much importance we place on different health 

system outputs, such as health improvement and quality of life. Nevertheless, if we can agree 

on a measure of aggregate valued outputs, then we can calculate a summary measure of 

efficiency as the ratio of valued outputs to inputs, what is often referred to as cost–

effectiveness, or how well the organization’s costs are converted into valued benefits. 

Almost all efficiency analysis relies on comparisons, similar to HosmartAI, so it is important to 

ensure that the entities being compared are similar. A great deal of efficiency analysis is 

concerned with securing such comparability. If organizational entities are operating in 

different circumstances, perhaps because the population cared for or the patients being 
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treated differ markedly, some sort of adjustment will be needed to ensure like is being 

compared with like. 

3.4.1 The Joint Learning Network for Universal Health Coverage – World Bank 
In 2020 an initiative from World Bank was performed in order to produce a Resource Guide 

by the Joint Learning Network for Universal Health Coverage (JLN), an innovative learning 

platform where practitioners and policy makers from around the globe co-develop global 

knowledge that focuses on the practical “how-to” of achieving universal health coverage [REF-

72].  

The Joint Learning Network (JLN) is a global network connecting practitioners and policy 

makers from 31 countries around the globe. This initiative decided on two strategic work 

streams: i) the measurement and information stream (MIS) which aimed to provide a 

framework for identifying and measuring efficiency, and ii) the systematic priority setting 

stream (SPS) which aimed to support countries in maximizing their stated health sector 

priorities within a given resource envelope [REF-72].  

The JLN identified a list of inefficiencies in health which are categorized into two types: 

1. Inefficiencies arising from system-level resource allocation decisions – from poor 

planning or slow response to the changing health needs of the population:  

• Inappropriate or costly input/staff mix. 

• Inappropriate hospital size. 

• Sub-optimal deployment of health workers and facilities.  

2. Inefficiencies that result from facility- or physician-level decisions linked to poor 

incentives or lack of accountability measures:  

• Inappropriate hospital admissions or length of stay. 

• Over-use of health care technology. 

• Sub-optimal quality of care and medical error. 

• Under-use of generic drugs. 

• Irrational use of drugs. 

Several characteristics of the health sector make health spending particularly prone to 

inefficiency. Uncertainty in the demand for health, informational asymmetries between 

patients and providers, difficulties in linking inputs to outcomes, and fragmented sources of 

financing often lead to lower actual spending on health than the allocated budget.  

The guide which was produced by this initiative provided a brief overview of concepts and 

principles of efficiency, and a framework for identifying and measuring efficiency in a practical 

way. It provided a list of indicators most often used for tracking health system performance 

and gives guidance on how they can be used to measure efficiency [REF-72] [REF-73].  

Efficiency analysis attempts to explain the unexplained variation across accountable entities 

– that is why some individual providers, facilities, or health systems perform better than 

others and benchmarking makes a comparison based on average performance, relative to the 

best performer, relative to a clinical norm or target, or relative to past performance. 
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In the case of HosmartAI, all AI technologies will be compared with the standard of care or 

currently used technology in order to be able to identify the added value of the new 

technology.  

Based on JLN the most basic definition of efficiency is maximizing outcomes relative to inputs.  

• Inputs: Most often, people use inputs to refer to the costs, resources, or investments 

used to buy or produce health care inputs; and while financing for the health care 

system is one of the most fundamental inputs, others include health workforce (e.g., 

doctors, nurses, midwives, community extension workers); physical infrastructure 

(e.g., health care facilities, medical supply stores); drugs and medical products, 

equipment (e.g., MRI machines), and information – often the most overlooked input 

(e.g., data on civil registration and vital statistics, disease-specific registries, patient 

reported health outcomes, drug stocks).  

• Outcomes can refer to the consequences, effectiveness, or benefits of service delivery 

interventions. In most health care systems around the world, the main outcomes of 

interest concern health status, financial risk protection, and public satisfaction. 

However, in practice, most efficiency metrics use intermediate outcomes or outputs. 

Outputs include information on the quantity (e.g., availability, access, coverage) and 

quality (e.g., diagnostic accuracy, treatment success rates) of the goods and services 

provided. 

The JLN team produced a list of indicators to routinely assess the efficiency of health sector 

spending, especially in areas that are known to be major sources of inefficiency and consume 

the most resources, such as hospitals and pharmaceuticals (Table 6)[REF-72]. 
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Table 6: Common Indicators used to assess efficiency in pharmaceutical and hospital sub-
systems. 

 

The final list of indicators presented eventually used reflected a balance of what was available 

at the time of the research in participating countries as well as some aspirational indicators. 

There were many health indicators lists that had been developed by international 

organizations, academics, advocacy groups, and others (including the JLN) grouped for 

different purposes – for tracking progress towards universal health coverage (UHC), assessing 

primary health care (PHC), ensuring hospital quality, and/or evaluating health provider 

payment systems. The final list of indicators which was eventually used and analysed is 

presented in Table 7 [REF-72]. 
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Table 7: Common Indicators that can be used in efficiency analysis – JLN. 

 

The challenges and lessons learnt from the JLN project which are presented below, were 

thoroughly examined by the research team of HosmartAI in order to avoid similar drawbacks. 

Challenges:  

a) Availability of data: A key limiting factor was the availability of data at the right level 

of disaggregation to make meaningful comparisons (e.g., by geographical region, 

across population groups) – especially for decentralized countries. It was also difficult 

to get data across different parts of the health system as information is held in 

different departments or programs within the Ministry of Health or was spread out 

across several Ministries/Agencies or levels of government. However, when pressed, 

all pilot countries were able to bring in anecdotal evidence or refer to country studies 

to help explain their data.  
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b) Defining the scope of the efficiency analysis: All four countries attempted to present 

country data for the entire list of priority indicators. This made it harder to focus on 

any one area and to delve deeper into identifying where the results chain inefficiencies 

might lie.  

c) Interpreting the data: There was little interpretation of what the data might mean 

and/or packaging the information into a policy-relevant storyline [REF-72].  

Lessons learned:  

a) Focus the scope of the analysis: That is, looking at hospital efficiency, pharmaceuticals 

or a specific tracer condition within primary health care, such as maternal health or 

tuberculosis, where relevant indicators were more likely to be available under 

responsible units or budget holders.  

b) Additional indicators should be analysed when specific issues emerge in the course of 

routine monitoring: This includes going beyond indicators and drawing on 

practitioner’s valuable knowledge of the sector to help fill in the gaps in the storyline 

when data is not available. This will help with the interpretation of findings and the 

assessment of options for further action.  

c) Efficiency analysis needs to be embedded into the formal decision-making process, 

not a one-off exercise. Many health system performance indicators are already 

regularly collected and reported as part of the routine monitoring and evaluation of 

the health sector. Building on existing processes and applying an efficiency lens to 

reviewing indicators that question why some regions, hospitals, or providers perform 

better than others is the first step to institutionalizing efficiency analysis [REF-72]. 

3.4.2 The EuroHOPE project 
At the European level, the great diversification of indicators was identified and the European 

Commission funded in 2013 the EuroHOPE project, the construction of an international 

comparative database which allowed performance indicators to be calculated at national, 

regional and hospital levels for several different disease groups [REF-73]. In the EuroHOPE 

project, the performance indicators were developed in collaboration with clinical experts in 

the different disease groups, and with experts in health economics, epidemiology and 

statistics. The disease-based approach required patient-level data covering the whole 

population and the possibility to deterministically link records from different national 

registers. In the seven countries (Finland, Hungary, Italy, the Netherlands, Norway, Scotland 

and Sweden) included in the EuroHOPE project, it was possible to link national hospital 

discharge registers with mortality registers and with registers of medicines prescribed. In 

Italy, similar data were available for two geographical areas. All databases present population 

data that reflect patterns of care and outcomes for the entire population residing in the 

defined territories. 

The EuroHOPE project followed the ideas of the PERFECT project so that database creation 

was based on several general stages: 1) define the patient population; 2) collect the register 

material for the relevant patient population; 3) define the start and end of the episode (by 

defining and using the index admission and deciding how referrals should be treated) for the 
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patients from the available variables concerning the care given; 4) check the history and 

follow-up on the use of health care services to define state and time variables for each 

patient; 5) construct the comorbidity variables; 6) calculate the direct health care costs; and 

finally, 7) combine the information from the previous stages to generate the comparison 

database. This was very challenging in an international context because of variations across 

data sources and differences in health system structures and practices. It was extremely 

difficult to find compromises that worked in each country and allowed for cross-country 

comparability. Also, in the estimation of the risk adjustment models, even after the 

standardized definition and data collection, a complication arose from the involvement of 

many different countries. Ideally, the individual-level data from all participating countries 

should be pooled before estimating the risk adjustment models, but that is not feasible 

because not all countries allow individual-level data to be shared because of privacy 

regulations. To avoid such problems, parameter estimates for the confounding factors were 

first estimated for every process or outcome measure using registry data to compare health 

care efficiency using the broadest possible pooled data for each disease. Then, the 

coefficients of each model were made available to all partners who then calculated individual 

level-predicted values for the indicators. The predicted values were then summed up at the 

country and regional level. The ratio of observed and the predicted value of the dependent 

variable in the comparable unit could be multiplied by the average value of the indicator in 

the pooled data to calculate the risk-adjusted indicator [REF-74]. In practice, after definitions 

had been agreed for the required standard form of comparison data, each national partner 

was individually responsible for producing its own national EuroHOPE comparison data, with 

the principles stated in the disease-specific study protocols [REF-74]. After this, the partners 

used a common statistical code which automatically processed the data, extracted the 

coefficients for the models from the EuroHOPE server and calculated the predicted and risk-

adjusted values at all levels. Finally, the descriptive statistics along with the country-, regional- 

and hospital-level indicators and their confidence intervals were automatically transferred to 

a reporting template. For five countries, it was possible to pool individual-level data and, using 

a more sophisticated methodology (multilevel modelling), analyse the hospital-level variation 

in 30-day survival and the cost of the first hospital episodes, as well as the relationship 

between the measures, that is, the existence of cost–quality trade-off [REF-75]. Generally, the 

study did not find a positive correlation in the pooled analysis and in the separate country-

level analysis. The only exception was Sweden where an increase of cost from €5,000 to 

€20,000 was associated with an increase in 30-day survival from 90% to almost 100%. Further 

research could assess whether such spending increases provided good value for money. 

The findings and analysis from the EuroHOPE project were very insightful for the HosmartAI 

efficiency measures (KPI) due to the common challenging issue of both projects, common 

foundation of different partners, countries, technologies and disease areas. That was the 

reason, at least at the early stage, that the research team decided to proceed with a separate 

analysis per AI technology/partner rather than the final platform [REF-76]. 
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3.5 Economic Outcomes  

Economics assesses the optimal use of resources to produce beneficial outcome for society. 

Cost analysis for various treatments is a useful component of outcome analysis to allow the 

weighting of other outcomes against unit cost or the inverse, cost per unit effect [REF-77]. 

Costs may be categorized as capital (amortized or one-off) and resources which are recurrent 

costs. While all costs will need a unit cost record by tier, recurrent costs will also need a 

volume per unit time. Accordingly, economic evaluation of health care treatment options 

assesses among other outcomes, cost, a common component of health care economic 

evaluations. Other outcomes include clinical effectiveness and health economic outcomes 

such as PROMs including utility measures such as “QALYs”. As demand typically exceeds 

supply for health care, health care suppliers seek value for money. Accordingly, economic 

evaluations use opportunity cost to identify the best value option out of a choice of the 

intervention and the next best alternative treatment, the comparator, typically usual care, 

the current treatment [REF-78]. 

3.5.1 Combining Cost & Effect 
In health economics, the cost alone does not translate the value of a specific treatment or 

technology without considering the effect of the specific technology. The combination of the 

lower cost and higher beneficial effect outcomes is the desired composition for the decision-

making process. Yet, if each outcome falls on a different treatment option, a determination is 

still needed between options, with a consistent approach i.e., without reverting to personnel 

preference which can create a varied health care accessibility landscape for treatments across 

a country. The answer lies in using a ratio of incremental cost divided by incremental effect 

where the intervention’s outcomes are used after subtraction of the comparator’s equivalent 

outcomes e.g., intervention cost-comparator cost divided by intervention effect minus 

comparator effect [REF-46]. This creates the incremental cost-effectiveness ratio (“ICER”) 

which may be written as indicated in Figure 6: 
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                              Cost of intervention – cost of comparator 
ICER = -------------------------------------------------------  

  Effect of intervention – effect of comparator  
  

 Figure 6: Incremental Cost Effectiveness Ratio, ICER. 

where the effect may be expressed in clinical effect or health economic terms i.e., PROMs 

such as quality-adjusted life years (QALYs) or more typically, both. 

The economic analysis should provide an estimate of the treatment strategies costs over 

different time periods e.g., over the course of the study, per treatment event and per annum. 

The economic analysis should be an estimate of the regular day to day operational cost for 

treatment of a patient with both treatment strategies and the incremental difference 

between the two (intervention minus comparator over the course of the study, with duration 

of each treatment stated).  

For economic outcome, an analysis of direct medical costs, direct non-medical costs, indirect 

non-medical costs, symptom impact & adverse event costs should be measured per patient 

per unit time, with the unit being the duration of each treatment strategy. One-off and 

recurrent costs should be assessed for unit cost and resource quantity. Cost can be estimated 

from broadly 2 perspectives.  

• The payer’s or National Health System or 

• The patient’s or Society’s perspective.  

For the later, one must add the cost of carers unremunerated time and the patient’s time off 

when sick [REF-46]. 

For the analysis of HosmartAI, the NHS provider perspective will be adopted. The NHS 

provider perspective includes treatment costs such as medicine costs, administration and 

monitoring, other health service resource use costs associated with the managing the disease 

(e.g., GP visits, hospital admissions), and costs of managing adverse events caused by 

treatment. It does not include patients’ costs of obtaining care such as transportation, over-

the-counter purchases, co-payments or time off work. Yet, it is up to technology pilots if they 

wish to gather more data e.g., on productivity losses arising from patients’ inability to work, 

charged according to their policy at either a common minimum rate or the national average 

wage in order to be able to present the social perspective.  

The cost to health payer whether government department or insurer for each treatment 

strategy equates to: 

Departmental Cost = n patients * mean patient cost per treatment strategy 

Costs are separated into three categories which are further analysed below: a) direct medical 

costs, b) direct non-medical costs, c) indirect non-medical costs. 
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• Direct Medical Costs can include hospitalization (short- and long-term), outpatient 

follow-up, residential and day care, pharmaceutical interventions, laboratory testing. 

Costs of treatment adverse events should also be noted by severity. 

• Direct non-medical costs include transport costs to and from hospital e.g., non-

emergency ambulance for non-motile patients and paid carer giver time.  

• Indirect non-medical costs include patient and unpaid carer time off work, charged 

either at a country’s minimum wage or social security payments. 

And likewise, the quality-of-life profile and QALYs generated from each treatment over the 

course of the study should be noted [REF-46]. 

For the economic analysis of HOSMARTAI technologies, an analysis of direct medical costs, 

direct non-medical costs, indirect non-medical costs, symptom impact & adverse event costs 

will be performed. The resource utilization should be measured per patient per unit time, 

following the micro-costing methodology, including the number and type of major resources 

of the patient needs. The product of unit cost and volume is used to determine the overall 

cost of each treatment strategy, noting recurrent costs quantity. Incremental outcomes from 

intervention and comparator may be calculated for clinical, health economic and economic 

outcomes whereby economic incremental outcome would be the sum of costs across 

treatment duration for each treatment strategy with comparator subtracted from 

intervention’s cost. The equations are presented below: 

Incremental Cost = Cost of intervention (new AI technology) – cost of comparator (current 
technology) 

 

Incremental Effect = Effect of intervention (new AI technology) – Effect of comparator 
(current technology) 

 

3.5.2 Types of Economic Evaluation 
Several types of evaluation exist which can be distinguished by the conditions in which they 

are used.  

• Cost-minimisation analysis is used when there is evidence that clinical outcomes of 

treatment strategies are the same. A treatment strategy may be chosen by whichever 

treatment has the lowest cost [REF-46] [REF-77][REF-78][REF-79]. 

• Cost-effectiveness analysis (CEA) - used when clinical outcomes quantity may vary 

between treatment strategies but are expressed in natural units of clinical 

effectiveness e.g., reduced mortality or morbidity [REF-78]. 

• Cost-utility analysis (CUA) is a form a form of CEA used when clinical outcome quantity 

may vary between treatment strategies, but health economic outcomes are expressed 

in utility scales i.e., quality of life, typically the patient’s, allows comparison across 

sites, treatment strategies, conditions. Normally QALYs are used [REF-46][REF-

77][REF-79]. 

• Cost-benefit analysis – a comparison of costs and benefits with both being expressed 

in monetary units for services received [REF-46][REF-77][REF-79]. 
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• Cost consequence analysis is a form of CEA which presents outcomes in discrete 

categories without aggregation or weighting [REF-77]. 

3.5.3 Cost Consequence Analysis 
Due to divergence of patient conditions and interventions, the research team decided to 

proceed with a cost consequence analysis per pilot as like for like comparison was not 

possible.  

Cost-consequences analysis (CCA) is a form of economic evaluation where disaggregated 

costs and a range of outcomes are presented to allow readers to form their own opinion on 

relevance and relative importance to their decision-making context [REF-77]. This is usually 

done using a descriptive table to present the effectiveness results (primary and secondary 

outcomes) in a disaggregated format, together with the estimates of the mean costs with 

appropriate measures of dispersion associated with each intervention. The aim of the study 

determines the construction and assumption of any analysis.  

CCAs have been recommended for complex interventions that have multiple effects [REF-77], 

and public health interventions which have an array of health and non-health benefits that 

are difficult to measure in a common unit. CCAs are not restricted to any viewpoint and so 

readers and decision makers can see the impact of their decisions in the whole spectrum of 

costs and outcomes. CCAs have been recommended for complex interventions that have 

multiple effects, for example, lifestyle education in diabetes [REF-77] and public health 

interventions which have an array of health and non-health benefits that are difficult to 

measure in a common unit [REF-78]. CCAs are not restricted to any viewpoint and so readers 

and decision makers can see the impact of their decisions on patient costs or on other sectors 

such as criminal justice [REF-79]. Similarly, outcomes are not restricted to health outcomes 

such as QALYs and can include other measures of wellbeing such as patient, or indeed staff, 

satisfaction. These non-health considerations are becoming increasingly relevant to NHS 

decision makers. CCA may be of particular value to funders that are more concerned with 

patient-orientated outcomes and intervention costs such as Charities and some NIHR 

research programmes, particularly those with less focus on final stage randomised control 

trials. CCAs may also be particularly useful in feasibility or pilot studies when it is not clear 

which costs and outcomes will be most relevant to future definitive trials. Given the limited 

funding available for feasibility studies and the scarcity of health economists, CCA can provide 

a less resource-intensive alternative if interventions have important economic consequences 

or a full comparative analysis is premature, but still provide an opportunity to pilot 

instruments used to collect economic data such as resource use and health-related quality of 

life [REF-78]. Similarly, outcomes are not restricted to health outcomes such as QALYs and 

can include other measures of wellbeing such as patient, or indeed staff, satisfaction. These 

non-health considerations are becoming increasingly relevant to NHS decision makers. CCA 

may be of particular value to funders that are more concerned with patient-orientated 

outcomes and intervention costs such as Charities and some NIHR research programmes, 

particularly those with less focus on final stage randomised control trials. CCAs may also be 

particularly useful in feasibility or pilot studies when it is not clear which costs and outcomes 

will be most relevant to future definitive trials. CCA can provide a less resource-intensive 
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alternative if interventions have important economic consequences or a full comparative 

analysis is premature, but still provide an opportunity to pilot instruments used to collect 

economic data such as resource use and health-related quality of life.  

The CCA approach helps to refine economic methods, identify relevant costs and outcomes 

and generate hypotheses for definitive cost-effectiveness studies and perhaps most 

importantly, provides a broader and richer source of economic information increasingly 

needed by NHS decision makers. It provides a straightforward way to present cost and 

outcome data alongside each other for a new health technology and its comparator(s) in 

situations where complexity in the research design might otherwise be pervasive. An example 

would be comparing the costs and consequences of different models of care across a care 

pathway in an observational study. Given the methodological issues associated with this 

design, an initial CCA can provide initial information on where further focus might be 

beneficial. 

The CCA approach helps to refine economic methods, identify relevant costs and outcomes 

and generate hypotheses for definitive cost-effectiveness studies and perhaps most 

importantly, provides a broader and richer source of economic information increasingly 

needed by NHS decision makers. It provides a straightforward way to present cost and 

outcome data alongside each other for a new health technology and its comparator(s) in 

situations where complexity in the research design might otherwise be pervasive. An example 

would be comparing the costs and consequences of different models of care across a care 

pathway in an observational study. Given the methodological issues associated with this 

design, an initial CCA can provide initial information on where further focus might be 

beneficial. 

Models describing the disease aetiology/care pathway route through which a patient will 

transition as discrete states to allow costs and effects to be appropriately assigned and so 

through quantifying the effect of introducing a new technology into current health care 

pathways and routine health and social care system use. Model time horizons for accrual of 

effects and costs should be stated. 

Health and social care system and personal social services costs resulting from or associated 

with the use of the intervention should also include acquisition (including infrastructure) and 

maintenance costs.  

Cost consequence analysis provides a comprehensive presentation of the cost and value of 

the intervention of scope. It is a listing of all the relevant costs and outcomes or consequences 

of the interventions and may include the following components:  

• Direct Medical costs 

• Direct non-medical costs 

• Indirect costs (time costs, productivity costs) 

• Health-related quality of life impact 

• Utility impact  

• Clinical outcomes (including adverse events) 
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The ideal cost-consequence analysis would include all possible health outcomes or 

consequences in order to allow decision makers the ability to determine the intervention’s 

likely impact on their budgets and on the health of their patients.  

In Table 8 the basic categories of costs and effects for a Cost-Consequence Analysis are 

presented [REF-79].  

Table 8: Cost-Consequence Analysis Table – Main Categories. 

 Perspective: Funder or social Intervention A  Intervention B 

 

Difference 

 COSTS Units Costs  Units Costs 

Costs 

Mean (95% CI) 

Direct Medical Costs            

Intervention A/B          
  

Other 

medication/interventions          
  

Physician office visits            

ER visits          
  

Hospitalizations          
  

Home care            

           
  

Direct non-medical costs            

Transportation          
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Paid caregiver time            

 
         

  

Indirect non-medical costs            

Patient time missed from work          
  

Unpaid caregiver time off from 

work          
  

        

CONSEQUENCES           

Difference 

Mean (95% CI) 

Symptom impact          
  

Patient distress days            

Patient disability days          
  

             

Adverse Events          

Difference  

Mean (95% CI) 

Serious adverse events          
  

Moderate adverse events            

Mild adverse events              
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Health Related Quality of Life 

Impact           

Difference  

Mean (95% CI) 

Quality Adjusted Life Years             

Quality of Life profile 

 
          

 

3.5.4 National Institute for Health and Care Excellence (NICE)’s medical 

technologies evaluation programme methods guide on cost-consequence 

analyses (CCAs) 
In the current subsection, the guidance for cost-consequence analysis is presented, provided 

by the National Institute for Health & Care Excellence (NICE), the Health Technology 

Assessment Organization for England, which is considered the “centre of excellence” in 

economic evaluation techniques followed [REF-78][REF-80]. 

NICE mentions, which is applicable for all HTA bodies, that for a submission of evidence 

supporting medical technology, quantification of resources and expected outcomes 

associated with each treatment strategy for the relevant health care pathway will be required 

unless data has already been published on the subject [REF-79]. 

A CCA assesses costs and resource consequences and clinical benefits resulting from, or 

associated with, i.e., as a consequence of the use of the intervention and comparator under 

evaluation.  

The range of costs and resource consequences to be included in the analysis depends on the 

clinical characteristics of individual medical technologies and the comparator. Generally, the 

following apply:  

• Typically, cost-consequence analyses include calculating and presenting estimates of 

resource use and of clinical benefits as separate domains of the evaluation. 

• Estimates of resource use should include comparative costs of technology (and 

infrastructure) acquisition, use and maintenance. Focusing on these costs may be 

particularly applicable when the clinical effects of the intervention can be assumed to 

be almost the same as those of comparator technologies. 

• Resource use estimates may be informed by health care service use outcome 

quantification, such as length of hospital stay, or number of hospitalisations, 

outpatient or primary care consultations associated with the use of the technology or 

its comparators. 
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The aim of the study determines the construction and assumption of any analysis. Models 

describing the disease aetiology/care pathway route as discrete states, through which a 

patient will transition, to allow costs and effects to be appropriately assigned, quantifying the 

operational costs and effect of introducing an intervention. Model time horizons for accrual 

of effects and costs should be stated [REF-78][REF-79][REF-81]. 

A discount rate of 3.5% is typically applied in the UK. Other countries may have different 

discounting rates.  

Model perspective should state whether funder or social perspective is being adopted. The 

default analysis will be a funder perspective. Amortisation of one-off costs will be assumed 

over 8 years, unless otherwise indicated, to allow estimation of cost per annum which should 

be divided the expected number of patients visits to estimate a pro-rata charge per use. 

Amortisations periods may vary between locations.  

If an intervention is used on multiple conditions, the sponsor/pilot should present each 

condition’s costs and utility as separate analysis.  

Uncertainty analysis techniques (relating to chance, evidential and model uncertainty) such 

as scenario-based deterministic sensitivity analyses, threshold analyses or probabilistic 

sensitivity analyses can be added to a CCA. The level of complexity should be appropriate for 

the development stage of a technology, the specific technology and its comparator health 

care pathway.  

Where strategies have near equivalence in performance e.g., clinical economic or health 

economic, analysis may focus on the non-equivalent performance domains.  
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4 Objectives & Key Performance Indicators of HosmartAI 

pilots 
4.1 Linking Pilot’s Objectives with KPIs 

In order to be able to identify the KPI of each technology, the first step is the objective setting. 

In the tables below (from Table 9 to Table 19) the primary and secondary objectives of each 

pilot are presented linked with the associated KPI categories from the 5 HosmartAI KPI pillars 

(clinical, PROMs, PREMs, Productivity/Efficiency, Economic). At the time of preparation of the 

current report, the actual PROM and PREM metric selection on behalf of the pilots had not 

been finalized yet, hence only the KPI categories of each pilot have been recorded. The 

specific KPI metrics are going to be presented at Deliverable 5.3. Each pilot will be able to 

report the specific questionnaire/instrument of choice upon protocol approval from the 

hospital’s scientific committee.  

The recommendations from the health economic experts are the following: 

• Clinical Outcome (at least 1 endpoint) 

• PROM (EQ-5D-3L and/or a disease-specific questionnaire depending on the disease 

area in scope) 

• PREM (either disease/domain-specific or LIKERT scale or Visual Analogue Scale)  

• Productivity measures (average length of stay, diagnostic accuracy, average waiting 

time, bed occupancy rate, avoidable admissions). Productivity measures are heavily 

dependent on the kind/type of each technology. 

• Economic (direct medical / non-medical costs and indirect costs). 

Regarding the analysis, the recommendation for all pilots is to be performed incrementally, 

as discussed in Chapters 2 and 3 for both outcomes and costs.  

It should be noted that most of the pilots do not report in their objectives the Economic KPIs 

since it is not necessary for the hospital scientific committee approval. Still, the economic 

aspects of all technologies will be gathered to perform the cost consequence analysis as 

reported in Chapter 3 and DoA.  

4.2 Pilot 1 Objectives & Respective KPIs  

Pilot #1: Development of a clinician-friendly, interpretable computer-aided 

diagnosis system (ICADx) to support and optimise clinical decision making 

in multi-specialty health care environment 
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4.2.1 Pilot 1 Medical Scenario #1 

Echocardiography for assessment of cardiac function 

The number of patients receiving their initial care and diagnostic management in emergency 

departments (ED) is increasing. The standard diagnostic process for patients with suspected 

cardiovascular diseases in the ED includes patient’s current history, focusing on their most 

acute symptoms that led them to the emergency room, and previous history, focusing on 

disease states that may be related to their current condition, clinical examination, 

electrocardiography, chest X-ray and laboratory exams (including high-sensitive troponin 

assays). Based on the initial findings the physician decides if the patients should be 

hospitalized, as well as if an acute management should be decided, i.e., in acute coronary 

syndromes. All patients undergo a full echocardiographic study. Echocardiography, i.e., an 

ultrasound of the heart, is a widespread imaging technique that is routinely used to assess 

cardiac morphology and function. In particular, the assessment of Left Ventricular (LV) systolic 

function is important for diagnosis, management, follow-up, and prognostic evaluation of 

patients with heart problems. LV assessment involves the measurement of the Left 

Ventricular Ejection Fraction (LV-EF), which is the ratio of change in the left ventricular end-

systolic and end-diastolic volumes. End-diastole and end-systole refer to the beginning and 

ending of the cardiac contraction, respectively. Accurate measurement of the LV-EF, also 

termed as EF, is critical, as it has been shown to be highly correlated with morbidity and 

mortality [REF-82][REF-82]. Conventionally, LV-EF measurement requires manual tracing 

(classic “biplane” Simpson’s approach) of the left ventricle in echocardiogram frames at the 

end-systole and end-diastole phases. Despite being performed by experienced cardiologists, 

the interpretation of echocardiogram images is a highly time-consuming process and suffers 

from high variance [REF-83], attributable to human subjectivity and irregularity of the heart 

cycles. Finally, echocardiography, clinical and laboratory results are analysed and used in 

order to design the therapeutic management. In Table 9 the KPI categories of the first medical 

application scenario are presented. 

Table 9: Pilot #1. First Medical Application Scenario. 

Objectives  KPI category / 

Metric 

Respondent 

The development & evaluation of an AI-

driven, clinician-interpretable 

computer-aided diagnostics/detection 

suite (ICADx/ICADe) to support the 

cardiologist’ decision making related to 

timely diagnosis, early symptom 

screening, patient risk stratification and 
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Objectives  KPI category / 

Metric 

Respondent 

guidance to optimized prevention or 

treatment options. 

Pilot 1.1 

ECHO cardio fractions – 

abnormality id & diagnosis 

Primary Objectives 

To determine if the automatic 

estimation of left ventricular (LV) 

ejection fraction (EF) and global 

longitudinal strain (GLS) from 

echocardiography (ECHO) scans by the 

artificial intelligence (AI)-based tool is 

non-inferior in terms of accuracy to 

semi-manual estimations by 

cardiologists of various experience 

levels.  

Clinical 

effectiveness 

Clinician 

To determine if the combination of the 

cardiologist and the AI-based tool is 

superior to the routine clinical practice 

of the cardiologist in terms of correct 

diagnosis of left ventricle function 

(normal or abnormal) based on 

examination of ECHO scans, accounting 

for the cardiologist’s level of 

experience. 

Clinical 

effectiveness 

Clinician 

Secondary Objectives  

To evaluate the time required for LV-EF 

and LV-GLS measurement from ECHO 

scans by the AI-based tool and by semi-

manual estimations of cardiologists of 

various experience levels. 

PRODUCTIVITY Clinician 

To evaluate the time required for 

diagnosis with and without the 

assistance of the AI-based tool. 

PRODUCTIVITY 

 

Clinician 
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Objectives  KPI category / 

Metric 

Respondent 

To evaluate the usability of the AI-based 

tool based on cardiologists’ feedback 

after use (via System Usability Scale 

questionnaire). 

PREM/UREM Clinician 

 

4.2.2 Pilot 1 Medical Scenario #2 

Capsule Endoscopy for Small Bowel Disorders  

In patients under consideration for Capsule Endoscopy (CE), initial assessment typically 

includes symptom evaluation, laboratory assessment, and endoscopic procedures, as well as 

cross-sectional imaging (e.g., magnetic resonance enterography) in selected patients. For 

patients who have documented overt gastrointestinal (GI) bleeding (excluding hematemesis) 

and negative findings on high-quality EsophagoGastroDuodenoscopy (EGD) and colonoscopy, 

CE is performed as the next diagnostic step. CE can show additional findings in patients with 

prior negative endoscopic and imaging studies. In retrospective and prospective case series, 

the diagnostic yield of CE was 50%–72% in patients with obscure overt bleeding. In a 

retrospective cost-effectiveness study, the use of CE in patients with obscure bleeding had a 

higher diagnostic yield than other imaging procedures, and was associated with a lower cost 

per positive diagnosis. Based on the evidence of a relatively high diagnostic yield with CE, the 

American Gastroenterological Association (AGA) consensus recommended CE to be 

performed, rather than radiographic studies or angiography, in hemodynamically stable 

patients with overt bleeding. In those patients who are hemodynamically unstable, more 

urgent radiologic studies (e.g., angiography) may be more appropriate than CE. In patients 

with an overt, obscure bleeding episode, it is recommended CE to be performed as soon as 

possible. Because diagnostic yield appears to decrease with each day of delay, but optimal 

timing has not been defined definitively, CE is recommended to be performed as soon as 

possible within the first 24 hours in patients with ongoing overt bleeding after prior 

emergency negative studies. Finally, although CE is an effective non-invasive method to 

examine small intestine disorders, it suffers long review times [REF-84] for the busy GI 

department, it might lead to missed suspicious lesions and there is a need for experienced 

physicians to interpret its findings [REF-85]. In Table 10 the KPI categories of the second 

medical application scenario are presented. 
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Table 10: Pilot #1 Second Medical Application Scenario. 

Objectives  KPI category / 

Metric 

Respondent 

The development & evaluation of an AI-

driven, clinically interpretable computer-

aided diagnostics/detection suite 

(ICADx/ICADe) to support the 

gastroenterologist’s decision making 

related to timely diagnosis, early 

symptom screening, patient risk 

stratification and guidance to optimized 

prevention or treatment options 

Pilot 1.2  

Capsule endoscopy small bowel 

disorders – abnormality identification 

and diagnosis 

  

Primary Objectives 

To determine if the combination of the 

gastroenterologist and the AI-based tool 

is superior to the gastroenterologist 

alone in terms of primary diagnosis of 

small bowel conditions via VCE, 

accounting for the gastroenterologist’s 

level of experience. 

Clinical 

effectiveness 

 

 

Clinician 

Secondary Objectives 

To evaluate the accuracy of the AI-based 

tool in detecting small bowel 

abnormalities in CE videos. 

Clinical 

effectiveness 

Clinician 

To evaluate the accuracy of the AI-based 

tool in classifying small bowel 

abnormalities identified in CE videos. 

Clinical 

effectiveness 

Clinician 

To determine if the combination of the 

gastroenterologist and the AI-based tool 

is superior to the gastroenterologist 

alone in detecting small bowel 

abnormalities in CE videos, accounting for 

the gastroenterologist’s level of 

experience. 

Clinical 

effectiveness 

Clinician 
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Objectives  KPI category / 

Metric 

Respondent 

To determine if the combination of the 

gastroenterologist and the AI-based tool 

is superior to the gastroenterologist 

alone in classifying small bowel 

abnormalities in CE videos, accounting for 

the gastroenterologist’s level of 

experience.  

Clinical 

effectiveness 

Clinician 

To determine if the combination of the 

gastroenterologist and the AI-based tool 

is superior to the gastroenterologist 

alone in terms of time required for 

examining CE videos, accounting for the 

gastroenterologist’s level of experience.  

Productivity Clinician 

To evaluate the usability of the AI-based 

tool based on gastroenterologists’ 

feedback after use (via System Usability 

Scale questionnaire).  

PREM/UREM Clinician 

 

4.2.3 Pilot 1 Medical Scenario #3 

Coronary Computed Tomography Angiography for Coronary Artery Disease 

A conventional routine in clinical practice over the years has been to employ validated 

diagnostic models of the pre-test probability (PTP) of stable, albeit obstructive, Coronary 

Artery Disease in order to direct downstream testing. After the first screening, adult patients 

with low to intermediate PTP undergoing coronary computed tomography angiography 

(CCTA), including calcium scoring, because of suspected Coronary Artery Disease. Most 

existent models have modest performance (with remarkable overestimation of risk in certain 

subgroups such as women) while very few studies have data regarding the effect of PTP-based 

models on clinical decision-making regarding further testing or patient outcomes. Practice 

guidelines for the management of stable chest pain from the European Society of Cardiology 

(ESC) are congruent in their recommendations for the use of CCTA as a first-line diagnostic 

option in symptomatic individuals deemed to be at a low to intermediate pre-test likelihood 

of having obstructive Coronary Artery Disease. However, in day-to-day clinical practice, a 

significant number of individuals undergoing CCTA have minimal or no Coronary Artery 

Disease. As a direct consequence of the expanding use of CCTA, there is a growing interest 

within the medical community regarding ways to optimize patient selection with the goal of 
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improving diagnostic yield of CCTA utilization within the context of clinical practice. Hence, 

there is a need for clinically based models that can predict the PTP of stable Coronary Artery 

Disease and as a result function as gatekeepers to identify low-risk individuals who are 

unlikely to have obstructive Coronary Artery Disease and unlikely to need further diagnostic 

testing. In Table 11 the KPI categories of the third medical application scenario are presented. 

Table 11: Pilot #1 Third Medical Application Scenario. 

Objectives  KPI category / 

Metric 

Respondent 

The development & evaluation of an AI-

driven, clinician-interpretable computer-

aided diagnostics/detection suite 

(ICADx/ICADe) to support the 

cardiologist’ decision making related to 

timely diagnosis, early symptom 

screening, patient risk stratification and 

guidance to optimized prevention or 

treatment options. 

Pilot 1.3 – CAD abnormality 

identification and diagnosis 

  

Primary Objectives 

To evaluate AI-based tool’s ability to 

provide an accurate assessment of the 

presence or absence of obstructive 

coronary artery disease. 

Clinical effectiveness Clinician 

Secondary Objectives 

To evaluate clinicians’ satisfaction 

regarding the AI-based tool, based on the 

feedback after use. 

PREM Clinician 

To evaluate if there will be a reduction in 

diagnostic time for a clinician with or 

without using the AI-based tool. 

Productivity Clinician 

 

4.2.4 Pilot 1 Medical Scenario #4 

Pregnancy Abnormality Detection  
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The most common indications for referrals and admissions of pregnant women in a tertiary 

obstetric clinic with a High-Risk Pregnancy Unit (HRPU) are threatened preterm labour, 

ischemic placental disease (mostly hypertensive disorders and fetal growth restriction) and 

finally, poorly controlled hyperglycaemia in pregnancy. These conditions are increasing in 

incidence in high-resource countries as advanced maternal age and obesity become more 

common. The patients will either attend the primary or secondary settings on a regular 

appointment where the health professionals will assess their exams or come to the 

emergency unit with a symptom. In the first scenario, health professionals need to decide on 

examinations already performed, most commonly ultrasound of the fetal or a recording of 

blood pressure or blood sugar levels that categorize the pregnancy as high-risk. They are faced 

with a dilemma of urgently referring the patient to a tertiary centre or on a scheduled 

appointment basis. Often, they resort to the first choice and this is usually unnecessary. In the 

second scenario, a pregnant woman will present with symptoms of threatened preterm 

labour, vaginal bleeding or reduced fetal movements, again creating uncertainty on a possible 

adverse outcome. Health professionals often assess correctly the patient but still refer to a 

tertiary centre due to their own anxiety. This situation is associated with increased rates of 

anxiety of the pregnant women and their environment, leads to unnecessary examinations 

and admissions and therefore consumes valuable resources. A cost-effective management of 

these conditions in pregnancy may be achieved by targeted training of health professionals, 

appropriate available equipment in primary and secondary settings and most importantly a 

clear pathway of communication with a multidisciplinary maternal-fetal medicine team in the 

tertiary centre, allowing the triage of patients at the primary site. The current COVID-19 

epidemic has clearly shown that this approach may prove even more crucial in times of crisis. 

This approach is targeted to improve efficacy and reduce the anxiety of health professionals, 

along with reducing the stress of pregnant women and unnecessary use of resources. More 

importantly, it is also expected that it will improve pregnancy outcomes. In Table 12 the KPI 

categories of the fourth medical application scenario are presented. 

Table 12: Pilot #1 Fourth Medical Application Scenario. 

Objectives  KPI category / 

Metric 
Respondent 

The development & evaluation of an AI-

driven, clinician-interpretable computer-

aided diagnostics/detection suite 

(ICADx/ICADe) to support the clinical 

decision making related to timely 

diagnosis, early symptom screening, 

patient risk stratification and guidance to 

optimized prevention or treatment 

options. 
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Objectives  KPI category / 

Metric 
Respondent 

Pilot 1.4 – pregnancy abnormality 

detection  

Primary Objectives 

To evaluate the performance of the ΑΙ-

based tool to be developed in terms of 

identification of preterm labour and/or 

fetal growth restriction cases 

Clinical 

effectiveness 

Clinician 

Secondary Objectives 

To evaluate clinicians’ satisfaction 

regarding the AI-based tool, based on the 

feedback after use. 

PREM Clinician 

 

To evaluate whether diagnostic time for 

the pregnancy abnormality diagnostic 

process is less (duration) with the AI-based 

diagnostic tool to diagnosis without the 

tool. 

Productivity Hospital 

administrative 

staff 

To evaluate if use of AI-based tools reduces 

unnecessary use of resources. 

Productivity Hospital 

administrative 

staff / Clinician 

 

4.3 Pilot 2 Objectives & Respective KPIs  

Pilot #2: Optimizing the use of radiotherapy 

The Radiotherapy Unit at CHU de Liège face organisational challenges in dealing with a 

considerable number of patients. Type, aggressivity, size and location of the tumour are 

among the relevant parameters for an appropriate radiotherapy. Although the specific 

characteristics of the tumour and the patient's physical conditions are the roots of all 

radiotherapy, caregivers cannot ignore oncological treatments and psychosocial context. 

Thus, before starting the radiotherapy, an accurate patient-centred planning considering all 

these parameters is needed, while following guidelines to ensure the right treatment at the 

right time on the right treatment machine throughout the entire course of the treatment. The 

availability of the machines and of human resources, not to mention patient prefe rences and 

travel possibilities are among the obstacles to optimize scheduling. To remedy this problem, 
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is necessary to accurately weigh each one of dozens of variables according to the oncological, 

psychosocial and organisational context of the patients, in order to offer them the best 

possible treatment schedule with a solution reaching Pareto optimality [REF-86]. 

The goal is to establish an AI algorithm for optimizing patient scheduling [REF-87][REF-88] in 

a context of patient-centred planning where variable weighting and resource availability may 

change. It is expected that the AI system will take into account i) all variables as electronically 

present in the patient record; ii) electronic forms completed by the consulting radiation 

oncologists; iii) treatment machine characteristics, iv) scheduling for other patients as present 

in the patient management system used by the radiotherapy department (Mosaiq) [REF-89], 

v) patient preferences thanks to a chatbot. In Table 13 the KPI categories of pilot 2 are 

presented. 

Table 13: Pilot #2 Hospital Patient Scheduling with the Use of AI. 

Objectives  KPI category / 

Metric 
Respondent 

AI management of multiple scheduling 

pressures e.g., up to 10 factors 

considered to find growing numbers of 

patients an app. Human processing ability 

has limits. 

This pilot’s objective is to establish an AI 

algorithm, housed in a robot and in an 

app, for optimizing patient scheduling 

and outcomes in the context of patient-

centred planning.  

Pilot 2 AI-based scheduling  

  

Primary Objectives 

To evaluate whether scheduling 

managers and clinicians’ satisfaction with 

the process of scheduling radiotherapy 

appointments is superior with the AI 

scheduling SW with and without Chatbot, 

then through a human scheduling 

manager. 

PREM Clinician/ 

scheduling 

manager 

To evaluate whether patients’ 

satisfaction with the process of 

scheduling radiotherapy appointments is 

superior with the AI scheduling SW than 

PREM Patient 



  D1.7 – Report on KPIs definition 
H2020 Contract No 101016834  Final – v1.0, 2022-01-31

  

 
Dissemination level: PU -Public Page 65 

 

 

Objectives  KPI category / 

Metric 
Respondent 

through a scheduling manager, with and 

without Chatbot. 

Secondary Objectives 

To determine if the combination of the 

use of AI scheduling SW has lower overall 

treatment cost compared to a scheduling 

manager, by alignment of resources 

(staff, radiotherapy suite, other) to 

patient appointments – revised and 

otherwise. 

Economic Hospital 

administrative 

staff 

 

4.4 Pilot 3 Objectives & Respective KPIs 

Pilot #3: Treatment Improvement with the use of innovative technologies 

and robotics in rehabilitation process 

At IRCCS San Camillo rehabilitation therapies are delivered both as conventional care by a 

dedicated Clinical Service for Neuromotor Rehabilitation and as experimental modalities by a 

dedicated research laboratory (Laboratory of Rehabilitation Technologies). Innovative 

modalities include a variety of technology-based approaches (e.g., virtual reality, inertial 

measurement units, robotics). 

So far, almost 90% of the rehabilitation care is provided in one-to-one (patient/therapist) 

settings and scheduled on weekly basis, by collecting information from each single Operative 

Units of the Neurorehabilitation Department and manual allocation of treatments according 

to resources available. Moreover, eventual adverse events and the delivery of services can be 

registered only manually, being dependent on the presence of the therapist. 

As a state-of-art, each technology operates like an independent environment where all data 

is collected and stored, with possibility to have access to raw data and/or to synchronise them 

with the clinical history of each patient. Currently, the best standard commercially available 

allows just backup data from different devices of the same company, in a common repository 

(physical or cloud) to avoid information lost, in case of hard storage corruption. In Table 14 

the KPI categories of pilot 3 are presented. 
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Table 14: Pilot #3 Rehabilitation of Patients with Neurological Problems. 

Objectives  KPI category / 

Metric 

Respondent 

Environment and behaviour model 

imprinting of robotic rehabilitation aids 

for the rehabilitation of neurological 

patients from hospital to home. 

 

SW+HW mediated rehabilitation of 

patients with neurological problems 

Pilot 3  

  

Primary Objectives 

To determine whether a behaviour & 

environment imprinted robotic aid is 

superior to a physiotherapist in terms of 

rehabilitation of patients with 

neurological conditions across the 

measures listed here: 

- Trunk Control Test (TCT) 

- Reaching Performance Scale (RPS) 

- Box and Blocks Test (BBT) 

- Nine-hole Pegboard Test (NHPT) 

- Berg Balance Scale (BBS) 

- 10 meters walking test  

- Functional Ambulation Categories (FAC) 

Clinical Effectiveness Clinician 

 Secondary Objectives 

To determine whether the robotic aid 

had a lower cost of rehabilitation than a 

physiotherapist. 

Economic 

 

Hospital 

administrative 

staff 

To evaluate whether the number of 

patients successfully rehabilitated is 

higher with the robotic aid than through 

a physiotherapist without the robotic aid. 

Productivity Hospital 

administrative 

staff 
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4.5 Pilot 4 Objectives & Respective KPIs 

Pilot #4: Robotic Systems for minimally Invasive Operation 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia in adults and one of 

the 3 cardiovascular pandemics of the XXI century according to the World Health Organization 

(WHO). The currently estimated prevalence of AF in adults is between 2% and 4%, and a 2.3-

fold rise is expected, owing to extended longevity in the general population and intensifying 

search for undiagnosed AF. This disease is associated with substantial morbidity, (5-fold 

increased risk of stroke and 3-fold increased risk of heart failure) and mortality (2-fold risk of 

death). In addition, it is also associated with significant health care cost burden mostly 

associated with hospitalizations. Most treatments are aimed to reduce the complications of 

this disease, like anticoagulation to prevent stroke. However, pharmacological therapies to 

prevent AF episodes or the progression of the disease have shown disappointing results with 

minor or neutral effects in major outcomes. Catheter ablation has shown more effective than 

drugs to keep patients without this arrhythmia, to prevent its progression and to reduce 

follow-up events. However, ablation is an invasive treatment which is associated with a small 

but still significant risk of complications and with suboptimal results because the precise AF 

mechanism and best mapping approach are still poorly defined. In addition, it is mostly 

performed by manual operation of catheters which require a significant amount of dexterity 

and experience. This results in substantial heterogeneity of clinical practice and important 

barrier to offer this therapy to many patients. As an example, 5164 AF ablation procedures 

were performed in Spain in the year 2019 which means that only 0.1% of Spanish patients 

with AF had the opportunity to receive this treatment that year. Robotic systems aimed to 

reduce the learning curve required to perform AF ablation procedures, to reduce 

complications and to make the procedure less operator dependent and more automatized 

have been developed in the past. However, most of these systems were based on mechanical 

navigation of the catheter with little impact on safety and operator dependency or were 

based on permanent magnets which resulted in slow operation, long procedures and 

difficulties to give the catheter enough contact force with the tissue. In Table 15 the KPI 

categories of pilot 4 are presented. 

Table 15: Pilot #4 Remote vs. AI Navigation in Catheter Tip Ablation. 

Objectives  KPI category / 

Metric 
Respondent 

AI in remote navigation – a comparison of 

semi- and fully- AI-, versus manually-, 

guided catheter tip ablation of arrythmia 

triggers. The intervention will include a 

comparison of manual and AI mapping, 
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Objectives  KPI category / 

Metric 
Respondent 

remote and present undertaking of tasks 

for both in-vitro automated and 

reference manual approaches. 

Pilot 4 

Primary Objectives 

To evaluate the User’s satisfaction with 
robotic approach.  

UREM (SUS - System 

Usability Scale) 
Clinician 

Secondary Objectives 

To determine whether the accuracy of 
automatic and semi-automatic AI 
guided-ablation is inferior to manually 
guided-ablation for atrial fibrillation 
patients undergoing surgery 
 

Clinical effectiveness 

 

Clinician 

 

To determine whether the accuracy and 
duration of remote fully- and semi-
automatic AI guided-ablation is worse 
than manually guided- ablation for 
atrial fibrillation patients undergoing 
surgery 

Clinical effectiveness 

 

Clinician 

 

To determine whether the time to 
ablate multiple arrythmia targets is >= 
25% shorter with the AI fully- and semi-
automated approach than with the 
manual approach. 

Productivity Hospital 

administrative 

staff 

 

4.6 Pilot 5 Objectives & Respective KPIs 

Pilot #5: Assistive Care in Hospital: Robotic Nurse 

UM deals with exploiting AI’s and technologies to increase patient satisfaction and 

optimization of hospital resource utilization by delivering a more personalized care. 

Introducing robotics in health care can compensate for the shortage in the human workforce. 

Robots and ICT can implement passive sensing (e.g., telemonitoring, recognition of moods 

and (psychological) symptoms), and virtual support (e.g., companion mode and empathy) and 

offer i) more time for professionals to provide care rather than miscellaneous and repetitive 
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tasks or administration ii) new types of data and new means of representation to be included 

in the decision making during the regular clinical workflow. The overall objective of the pilot 

is to develop a social robotic system (SRS) that supports nursing and care through automated 

data collection, improves decision making during clinical workflow by aggregation and 

efficient representation of relevant patient data during regular grand rounds (doctor visits) 

and improves the quality of care and patient experience via companion functionality. In 

Table 16 the KPI categories of pilot 5 are presented. 

Table 16: Pilot #5 Robotic Nurse. 

Objectives  KPI category / 

Metric 
Respondent 

Assistive robot care on Grand Rounds and 

Thoracic surgery patient assistance 

through robot nurse in the hospital 

Pilot 5 

  

Primary Objectives 

To determine whether patients’ objective 

vital signs, - blood pressure, temperature, 

hydration, are recorded, were poorer 

with the robot nurse than without the 

robot nurse. 

Clinical-effectiveness Hospital staff 

Secondary Objectives 

To determine whether patients’ 

subjective measures - emotions, pain, 

PROMs, are improved with the robot 

nurse than without the robot nurse. 

PROM Patient 

To determine whether the use of robots 
within grand round improves the time of 
preparation (less duration). 

Economic 

 

Hospital 

administrative 

staff 

To determine whether the overall cost of 
patient care was higher with the virtual 
assistant than without it. 

Economic Hospital 

administrative 

staff 

To evaluate whether the self-efficacy and 

workload of staff is higher with robot 

nurse than with the robot nurse. 

Productivity Hospital 

administrative 

staff 

To evaluate whether the interaction time, 

by non-urgent and other types of 

Productivity Nurse 
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Objectives  KPI category / 

Metric 
Respondent 

interaction, is greater with the robot 

nurse than without the robot nurse.  

To determine whether the user 

experience (UEQ), patient engagement 

(PHE) and perceived quality of medical 

care (PQMC) is greater with the robot 

nurse, than without the robot nurse. 

PREM Patient 

To determine whether the usability of the 

CDSS system is superior with the robot 

nurse than without the robot nurse 

(System Usability Scale) 

UREM Nurse 

To evaluate whether the treatment of 

patients with the CDSS system is less 

acceptable than without the CDSS 

system.  

PREM  Patients 

To determine whether the quality-

adjusted life-year is greater with than 

without the robot nurse. (EQ-5D-3L) 

PROM Patients 

 

4.7 Pilot 6 Objectives & Respective KPIs 

Pilot #6: Assistive Care in Care Centre: Virtual Assistant 

INTRAS memory clinics and neuro-psychological rehabilitation centres work both in the 

outpatient setting and at home, with a catalogue of services involving Neuropsychological 

assessment, Cognitive stimulation and rehabilitation, Active aging programs, Psychomotricity 

program, Speech therapy, Multisensory Stimulation Therapy, Training in instrumental 

activities of daily living, and Psychotherapeutic and psychoeducational programs for the 

caregiver. These care services aim for cognitive, physical, social and emotional health and 

wellbeing, making already use of digital tools (e.g., remote sessions, Suite Gradior, VR) as an 

important resource supporting the therapeutic plans. 

Despite the innovative culture in prevention, rehabilitation and assistive care for older adults 

there is still a gap in systematizing information collection processes from the patient journey 

to allow greater degree of personalization. Each technology usually operates as an 

independent environment and is not significantly endowed with aspects of personalization 

and decision support. In addition, the low communication among public-private sectors and 
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between social-health services sometimes do not facilitate integrated case management and 

care coordination, making difficult early detection, adequate holistic monitoring progress or 

high personalization of health and social prescriptions.  

Alternative solutions are required to also address the concerns of citizens for ageing-in-place, 

with a growing demand for innovative services aimed to provide care that is both affordable 

and meets the emotional, social, cognitive and physical needs of older adults, while can also 

be an answer to the increasing ratio of older adults living alone or suffering unwanted 

loneliness, one of the epidemics of the century, implying risk of premature death, worsening 

of health, physical, cognitive deterioration and loss of quality of life of the elderly. At the same 

time, it is important to attend to the difficulty balancing sustainability and resources with high 

demand and the need for adequate intensity and quality of services. In Table 17 the KPI 

categories of pilot 6 are presented. 

Table 17: Pilot #6 Virtual Assistance in Rehabilitation Centres. 

Objectives  KPI category / 

Metric 

Respondent 

A virtual assistant to screen and apply 

personalized treatment modalities 

according to cognitive need to moderate 

cognitive decline as well as detect the 

presence of frailty, in care centres and 

private homes. 

Pilot 6 

  

Primary Objectives 

To determine whether the virtual 

assistant has a greater effect than current 

care practice in preventing cognitive 

decline in elderly adults, in care centres 

and home settings, using *Mini Mental 

test  

Clinical effectiveness 

 

Patient 

To determine whether the virtual 

assistant has a greater effect than care 

practice in preventing falls in patient 

mood, in care centres and home settings 

using *Geriatric depression scale, GDS of 

Yesavage 

Clinical effectiveness 

 

Patient 

To determine whether detection of 

patient frailty (present/absent) is 

Clinical effectiveness Patient 
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Objectives  KPI category / 

Metric 

Respondent 

superior with than without the virtual 

assistant, in care centres and home 

settings. 

 

To determine whether the patient 

remains at home for less time, according 

to their degree of frailty, with or without 

the virtual assistant. 

Clinical effectiveness Patient 

Secondary Objectives 

To determine whether the overall cost of 

patient care was lower with the virtual 

assistant than without it. 

Economic Care Center 

administrative 

staff 

To evaluate whether the staff/patient 

ratio was higher with the virtual assistant 

than without it.  

Productivity Care Center 

administrative 

staff 

To evaluate patients’ quality of life 

(QALYs) with and without the virtual 

assistant, over the duration of the trial 

(EQ5D-3L). 

PROM 

 

Patient 

 

To determine whether patients found the 

care experience more acceptable, easier 

to work with and more useful, with or 

without the virtual assistant.  

PREM 

 

Patient 

 

4.8 Pilot 7 Objectives & Respective KPIs 

Pilot #7: Smart Cathlab Assistant 

Percutaneous Coronary Intervention (PCI) is an image guided procedure used to treat a 

narrowing of the coronary arteries of the heart by placing a stent to widen the blood vessel 

diameter. Currently, X-ray imaging is typically used during such procedures for navigation, but 

other data sources like ultrasound imaging and blood flow measurements are often included, 

in particular to treat complex cases.  

The integration of multiple imaging and data sources leads to data clutter and makes it 

difficult for a clinician to interpret the data and extract meaningful insights to diagnose and 
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treat the patient. Image interpretation is usually done manually, requiring highly skilled 

experts and may lead to fatigue and errors. To assist the clinician in the understanding and 

assessment of clinical data there is a need for smart clinical applications that are able to 

automatically interpret medical images and do a quantitative assessment where possible. 

Computer-assisted interpretation of images could go a long way in further improving 

accuracy, offering a helping hand to the clinician. In Table 18 the KPI categories of pilot 7 are 

presented. 

Table 18: Pilot # 7 Coronary Angiogram. 

Objectives  KPI category / 

Metric 

Respondent 

To pilot an AI built registry of coronary 

angiogram & physiologic evaluations to 

provide imagery and guidance to Cathlab 

operations.  

Pilot 7 

  

Primary Objectives 

To determine whether the AI automated 

coronary angiogram image interpretation 

has inferior accuracy to image 

interpretation by clinicians without the AI 

SW. 

Clinical effectiveness 

 

Clinician 

 

To determine whether a greater 

incremental difference between post- 

and pre- coronary operation resting index 

measure (iFR/RFR) or hyperemic index 

(FFR) is observed using AI-facilitated 

imagery labelling and operational 

guidance than with manual imagery 

labelling and guidance, by manual or a 

motorized wire. 

Clinical effectiveness Clinician 

To evaluate intravascular imaging data of 

patient evaluated by either Intravascular 

ultrasound (IVUS) Optical coherence 

tomography (OCT) technique before and 

after a coronary intervention with and 

without AI guided coronary surgery. 

Clinical effectiveness Clinician 
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Objectives  KPI category / 

Metric 

Respondent 

To evaluate whether the accuracy of AI 

facilitated classification of patient 

imagery is greater than the manually 

facilitated classification of Coronary CT 

data, including FFRCT computation of 

patient referred for an invasive coronary 

angiogram and/or a coronary 

intervention (GE revolution and 

Heartflow software) 

Clinical effectiveness Clinician 

Secondary Objectives 

None specified    

 

4.9 Pilot 8 Objectives & Respective KPIs 

Pilot #8: Prognosis of cancer patients and their response to treatment 

combining multi-omics data 

VUB focuses on accurate glioma diagnosis, which contains two major elements: (1) 

segmentation and (2) characterisation of the tumour, including both the determination of the 

subtype and grade. In this pilot, we address the ability to connect researchers with clinicians 

in a ‘rapid learning health care’ approach. To do so, requires a digital health research platform, 

where multimodal data and advanced analytics are integrated for the analysis of brain 

tumours, and a decision support system based on integrated molecular and image level 

research on the tumour that directly connects to, and informs, clinicians. 

The unique expertise and data present at the VUB and the UZ Brussel is here leveraged to 

create a general framework to store and analyse raw medical data, both at the image and 

molecular level, in relation to brain tumours, their clinical behaviour and response to 

therapies. The platform offers an integrated view on the patient data for research, while 

conforming to GDPR and patient legislation, thus enabling AI-driven extraction of new 

information on such tumours. An important feature of the platform is the tight integration 

with the hospital information system. Extraction of data from the latter is performed (semi-) 

automatically, allowing to iteratively update the data collection, retrain models and deploy 

them in the clinical setting. In Table 19 the KPI categories of pilot 8 are presented. 
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Table 19: Pilot # 8 AI Management of Glioma Patients. 

Objectives  KPI category / 

Metric 

Respondent 

To create a digital research platform for 

Glioma management by combining genetic 

and image data. The platform offers an 

integrated view on the patient data for 

research, while conforming to GDPR and 

patient legislation, thus enabling AI driven 

extraction of new information on such 

tumours. A surgical and data collection 

element is included where extensive 

patient data is collected to achieve the 

above aim. The AI mediated tools will not 

be directly measurable in terms of their 

accuracy in relation to manual procedures 

but are instead intended to highlight 

aspects of the data that require particular 

attention during the oncology consult. 

Pilot 8  

  

Primary Objectives 

To provide integrated view on Glioma 

patient data (genetic & imaging) of tumour 

detection leading to better diagnosis in 

comparison to current technology.  

Clinical 

effectiveness 

Clinicians and 

Researchers 

To investigate the effectiveness of 

integrated data analysis (genetic and 

images) for better tumour detection, 

leading to improved treatment and better 

survival versus the current clinical practice. 
(Improvement in Overall Survival (OS) and/or 

Progression Free Survival (PFS)) 

Clinical 

effectiveness 

 

Clinicians 

 

Secondary Objectives 

To investigate the usability of the AI 

technology vs. the current technology 

(System Usability Scale) 

UREM Clinicians 

To investigate the duration of the new 

technology versus the current one 

Productivity Clinicians 
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5 Conclusions 
Effective Artificial Intelligence algorithms and robots for health care in hospitals, care homes 

and people’s homes presents potential contributions to managing predicted demographic 

trends of a decrease in EU working age population and a commensurate expansion in the >80 

years olds [REF-90]. With such a change and associated frailty or older people, health care 

needs are likely to expand e.g., for mobility, care, rehabilitation and other needs. The use of 

safe interventions to resolve these challenges will be a major familiarisation change for 

individuals and society. For example, hospital managers considering investing in net enabled 

AI services, may need to maintain sufficiently trained staff in case eventualities e.g., logistic 

supply problems, network availability etc. COVID has taught us the value of planning for 

resilience. And yet, the intervention will act as a layer of resilience e.g. in case of staff sickness, 

potential lowering patient waiting times, adding a mutually reinforcing contributor to health 

solutions. 

This report has described the framework of performance management, the background of 

KPI need and types and undertaken an analysis of HosmartAI pilot objectives, intended KPIs 

and measures, illustrating the link identified need and measurement of solution for extant 

needs/opportunities. 

The KPIs analysed cover the whole spectrum of the health care sector, both final and 

intermediate clinical endpoints, patient reported outcomes and experience measures, 

economic and productivity endpoints. The objective was to be able to cover all involved 

stakeholders of the health care sector with the KPIs, namely, medical practitioners, patients, 

hospital managers and health care policy makers.  

We expect from the KPI set and tests described, a set of outcomes which should demonstrate 

meaningful value to hospital staff, patients and industry, not least from the embedded use of 

KPIs to measure outcomes of projects. Hopefully, the current report will shed light on the 

economic evaluation of the Artificial Intelligence field and could be used as a point of 

reference for future analysis in the respective field.  
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