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Executive summary
This deliverable (D7.2) describes the use of predictive modelling in the SmartCare project.
Predictive modelling is a mathematical framework representing some aspects of reality in
a simplified way to inform a clinical or policy decision. Models are essentially
communication tools that allow the complexity of a given system to be reduced to its
essential elements. The deliverable includes the rationale behind the application of
modelling in the project, as well as the objectives. These techniques have been applied in
two deployment sites, Friuli Venezia Giulia (FVG) and Aragon. In this deliverable, the
application in FVG is presented. Two different but complementary techniques have been
applied, taking into account all relevant features of the health and social care system of
FVG, possible restrictions in service uptake, population characteristics and epidemiology of
the disease in this specific area, and finally the impact of integrated and usual care on
different stakeholders based on project results.
These two techniques, namely cost-effectiveness (cost-utility) and budget impact analyses,
have shown that the application of predictive modelling in integrated care projects is
feasible, and could produce some evidence about how a service will behave without
actually testing it in real practice. Moreover, it has been shown that ICT-enabled
integrated care for patients with heart failure in FVG could be a sustainable service, and
has the potential to release resources that could be used to cover other needs or
priorities. Although these findings are consistent with the literature, the conclusion cannot
be generalised for the whole project, since significant diversity has been seen, and the
transferability of the model has not yet been validated.
Further work is needed in order to adjust the model to different care recipients, types of
service, and organisational models. Appropriate common key performance indicators for
integrated care services are prerequisites for a reliable and useful health technology
assessment, which would allow the transformation of MAST evaluation framework from a
project evaluation tool to a management tool for informed decision-making.
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1

Introduction

1.1

Purpose of this document

This deliverable describes the rationale and application of predictive modelling in the FVG
deployment site, to forecast the impact of the ICT-enabled integrated care on different
stakeholders, but mainly on the budget holder.

1.2

Structure of document

The sections in this deliverable cover:


Section 1 includes the introduction with the presentation of the structure of the
document and the glossary.



Section 2 presents the background and the rationale for the application of these
techniques.



Section 3 presents the conceptual framework and the rationale for the selection of
the deployment site and the specific population.



Section 4 presents the methodology and the results of the cost-effectiveness
analysis.



Section 5 presents the methodology and the results of the budget impact analysis.



Section 6 presents the strengths and section 7 the limitations of these analyses.



Finally, there are the key messages, followed by references.

1.3

Glossary

AACCI

Age-adjusted Charlson Comorbidity Index

ABM

Agent-based modelling

ANOVA

ANalysis Of VAriance

API

Application Program Interface

ATC

Ambulatory Treatment Center

BIA

Budget Impact Analysis

BMI

Body Mass Index

BS

BeyondSilos

CCI

Charlson Comorbidity Index

CEA

Cost-effectiveness analysis

CHF

Congestive Heart Failure

COPD

Chronic Obstructive Pulmonary Disease

CSV

Comma-separated values

CW

CareWell

DB

Database

DES

Discrete Event Simulation

ED

Emergency Department

EEIG

European Economic Interest Group

ER

Emergency Room
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GHS

Geisinger Health System

GIS

Geographic Information System

GP

General Practitioner

GUI

Graphical User Interface

HbA1c

Glycated hemoglobin

HF

Heart failure

HTA

Health Technology Assessment

IC

Integrated Care

ICER

Incremental cost-effectiveness ratio

ICT

Information Communication Technology

ICU

Intensive Care Unit

ICUR

Incremental cost-utility ratio

IPR

Intellectual property rights

ISPOR

International Society For Pharmacoeconomics and Outcomes Research

KPI

Key Performance Indicator

LHIN

Local Health Integration Network

MAST

Model for ASsessment of Telemedicine applications

MDACCO

M. D. Anderson Cancer Center Orlando

MO

Medical Oncology

MSU

Mobile Stroke Unit

NHS

National Health Service

NICE

National Institute for Health and Care Excellence

NIHSS

National Institutes of Health Stroke Scale

NUHA

New York Heart Association

ODBC

Open Database Connectivity

OUH

Odense University Hospital

PenCHORD

Peninsula Collaboration for Health Operational Research and
Development

PLE

Personal Learning Edition

PSA

Probabilistic sensitivity analysis

PSP

Policy Support Programme

QALYs

Quality-Adjusted Life Years

QoL

Quality of life

RD&E

Royal Devon and Exeter Hospital

RENEWING
HEALTH

REgioNs of Europe WorkINg toGether for HEALTH

SC

SmartCare

SD

Standard deviation

STROBE

Strengthening the Reporting of Observational studies in Epidemiology

TA

Technical annex

VB

Visual Basic

WAST

Welsh Ambulance Service Trust

WCF

Windows Communication Foundation
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WP

Work Package

2D

Two-dimensional

3D

Three-dimensional
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2
2.1

Background and objective
Background

The SmartCare project tested and evaluated the impact of ICT enabled integrated care on
different regions and stakeholders, such as end users (care recipients), voluntary and nonvoluntary informal carers, formal care staff / professionals, managers and fund-holders.
The objective was to identify the changes introduced by implementing ICT supported
integrated health and social care in different domains according to the MAST evaluation
framework (1), including safety and clinical outcomes, resource use and cost of care, user
/ carer experience, and organisational changes. The MAST evaluation framework, a wellestablished and multi-dimensional evaluation framework, has been complemented by novel
health technology assessment techniques, including predictive modelling in order to
support informed decision making.
Over the past 40 years, the dramatic increase in the cost of healthcare has led researchers
to examine new ways to improve efficiency and reduce costs, using predictive modelling
and simulation. Models are essentially communication tools that allow the complexity of a
given system to be reduced to its essential elements. As such, models represent a
simplification of reality, and modelling is necessarily a “reductionist” methodology (2).
These techniques replace or amplify real experiences with guided experiences, often
immersive in nature, that evoke or replicate substantial aspects of the real world in a fully
interactive fashion (3). For instance, a simulation might be developed of an automated
production facility or warehouse (a designed physical system), or at the other extreme a
model of regional healthcare delivery (a human activity system)(4). Several different
applications of predictive modelling have been presented in the literature(5-8). Although
the use of models to inform decision makers about the use of health technologies has been
increasing(9), there remain concerns with their credibility(10). To help allay these
concerns, several guidelines for good practices in modelling have been issued (2,11-16).
Simulation is applicable to all disciplines of healthcare. Telemedicine / eHealth and
integrated care have the potential to improve the efficiency of the healthcare system y
making better use of available resources e.g. allow remote diagnosis and monitoring,
better coordination of care, improve patients’ self-management, and limit patient
exposure to infections by eliminating or limiting the need to visit a hospital or a
physician’s office for healthcare services (4,17,18). Since telehealth service development
requires a substantial investment of finances, time and substantial expertise, simulation is
an efficient decision making tool in telehealth for planning and determining the optimal
required healthcare resources to increase throughput and patient satisfaction and reduce
healthcare delivery expenses (18,19).
Recently, predictive modelling has been applied in the CareWell project to represent the
pathway followed by frail patients with multiple diseases to test different possible
interventions in order to maximise health benefits, taking into account the scarce
resources from now to 2020 horizon. The SmartCare project is collaborating closely with
CareWell and BeyondSilos projects. The three projects strive to create synergy and
coherence between the methodologies used in the evaluation framework for the projects,
to allow comparisons and assessment of the transferability of the results from the three
projects.

2.2

Objectives

Predictive modelling techniques have been used by public institutions e.g. National
Institute for Health and Care Excellence (https://www.nice.org.uk/), insurance companies
Confidential

Page 10 of 45

v1.0, 15th October 2016

D7.2 Report on the predictive model application for the
first deployment site
and the pharma industry, in order to support informed decision-making, mainly concerning
the reimbursement of the service or product under evaluation.
In the SmartCare project, these are the main objectives of the application of predictive
modelling techniques:


Test the feasibility of the application of these techniques in a European project of
integrated care.



Predict future outcomes based on project results.



Provide evidence about the transferability of a successful service to a different
setting.
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3

Conceptual framework for the application of predictive
modelling in the SmartCare project

3.1

Introduction

The concept of the application was based on the idea of using data collected during the
project in order to identify independent predictors of an outcome, and then develop a
statistical model or simulation technique that could predict an outcome (Figure 1). Then
the model would be applied in a second deployment site, and the results of the model
would be compared with the actual results of the project in the second site in order to
validate the model (2,12,17). Application of the model in different deployment sites or
even projects would allow a further improvement of the model, even after the end of the
project. This is particularly interesting if the synergies among the three projects have
been taken into consideration, as well as the wealth of the data collected.

Figure 1: Methodological approach for predictive modelling
Due to significant delays in the availability of data, the transfer of a model from one
region to another as originally planned within the duration of the project was not possible.
Facing this risk, a contingency plan was prepared and applied. Two research teams, one
from HIM SL and one from Kronikgune/Osakidetza, worked in collaboration (as they did in
the CareWell project), but in this case led by HIM SL. The two teams worked in parallel,
applying two different approaches to two different deployment sites, which seemed to be
more appropriate for the predefined sites:


Friuli-Venezia Giulia (FVG): The SmartCare services provided by this region were
disease-oriented, mainly focused on patients with heart failure. HIM SL team
developed a disease-specific model focused on this population. A Markov model was
developed with four disease states: alive with HF (HF patient at home),
hospitalised, residential care and death (Figure 2, Figure 3) (20). Data concerning
this population for the years 2012 – 2015 have been compared with data collected
during the project, and adjusted with the collaboration of an expert panel from
this region. The target was to assess the cost-effectiveness of the SmartCare
services compared with usual care with a time horizon of five years, and to
estimate the budget impact, based on actual data collected during the project.
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Treatment costs were obtained from the region of FVG, and other clinical data and
utilities, if not collected during the project, from published studies.


Aragon: the second site that the predictive modelling was planned to be applied to
was Aragon. For this, the team from Kronikgune adapted the model developed
within the CareWell project. In this case, Discrete Event Simulation (DES) was used
to estimate the flow of patients and the evolution of resource consumption and
economic burden over a defined period of time. This approach emphasises the
potential use of DES in management of complex healthcare interventions, such as
the integration of health and social care.

Figure 2: Markov disease states for Friuli-Venezia Giulia heart failure population
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Abbreviations:
S – indicates short-term pathway.
L – long-term pathway.
M – based on expert panel consultation it was assumed that patients admitted at residential care will have an intermediate risk between the short and long
term pathway.

Figure 3: Markov conceptual model for Friuli-Venezia Giulia
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Rationale for the selection of the heart failure population
Heart failure affects about 1%-2% of the European populations, and prevalence rises
substantially with increasing age (21). The disease causes repeated hospital admissions
(22), deaths (23), and markedly affects quality of life (24). As a primary diagnosis, HF
accounts for about 1-4% of all hospital admissions (21).
The global economic burden of HF in 2012 was estimated at $108 billion per annum (25),
which represents about 1-3% of total healthcare expenditure (21). About two thirds of this
cost is due to long and expensive hospital admissions (25). Current treatments for HF,
mainly pharmaceutical, aim to relieve the symptoms and signs of HF, prevent hospital
admissions, and improve survival. However, it is now recognised that preventing HF
hospitalisation and improving functional capacity are important benefits to be considered
if a mortality excess is ruled out (26).
In the recently published guidelines of the European Society of Cardiology for the
management of heart failure (26), the role of multidisciplinary management programmes
and integrated care has been clearly acknowledged. The goal of management of HF is to
provide a ‘seamless’ system of care that embraces both the community and hospital
throughout the care journey. Fundamental to the delivery of this complete package of
care is structured follow-up, with patient education, optimisation of medical treatment,
psychosocial support, and improved access to care. Such strategies reduce use of hospital
resources and improve quality of life (26-30). SmartCare deployment sites are aware of
this evidence; about half of the project population suffer from heart failure.
Taking into consideration the clinical and economic burden of the disease, and that heart
failure is the most prevalent disease in the SmartCare population, it was selected as the
main disease of interest for the first application of modelling in the project.
FVG setting: population, facilities and the SmartCare services
Region of Friuli-Venezia Giulia (FVG, capital city Trieste) has a population of about
1,227,1221. It is divided into 218 municipalities and four provinces. More than 11% of the
population is older than 75 years old, and this percentage is continuously increasing, which
has a significant impact on the prevalence of heart failure (the prevalence of the disease is
more than 10% in the people older than 75 years old) (21).
Since the 90s, FVG has developed a coordinated healthcare / social care sector with some
pilot implementations of ICT solutions. However, the system is still fragmented, and shows
room for further integration both in terms of ICT and inter/intra-team communication. The
public FVG health service is divided into five Health Authorities, two university hospital
bodies, and three research / rehabilitation bodies. 20 Districts act as reference centres
for all the services provided by the NHS Authority; they ensure integration between health
and social services, and coordination of social workers as well as private and volunteer
organisations. Social services are provided by Municipalities, and work in close contact
with healthcare providers within Districts. GPs and most specialists are an integral part of
each District. A spoke hospital may act as the intermediate health reference point of one
District. Within the district services, a district door (one-access point) has been established
to guarantee access to welfare facilities. This entrance point is managed by healthcare and
social care staff. Home health services are provided by nurses and rehabilitation therapists
in collaboration with GPs, social workers, home assistants, physiotherapists, specialised
physicians, volunteers, and other medical and social operators. District medical residential
facilities for intermediate care provide assistance for the rehabilitation of hospitalised
1

1st January 2015, source: National Statistical System, www.istat.it
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patients suffering from serious multiple pathologies (e.g. orthopaedic, neurological,
pneumological, cardiovascular pathologies, etc.) as well as for patients with stable, or
temporarily major, social problems requiring ‘relief’ for family members and/or patients
with prevailing end-of-life issues, i.e. terminally ill patients. A territorial cardiology
service attends to patients discharged from different hospital structures (e.g. ER,
cardiology, 118, etc.).
Given the rising needs of the growing elderly population, the burden of non-communicable
diseases, and the demands for better integration and communication among formal and
informal stakeholders, SmartCare in FVG has been devised to provide better ICT-supported
integration of health and social care services, and a more active involvement of care
recipients, family members and third sector. Through the integrated platform and the
home devices used to monitor clinical and health conditions, care recipient’s status will be
updated in real time, thus allowing better handling of health / social deterioration to
prevent hospital admissions.
The SmartCare approach, in FVG, is based on a full integration of ICT-supported
communication between healthcare and social care providers and with care recipients,
caregivers, and third sector. The integrated care platform has been designed to meet both
the healthcare and social care needs of the service users, and it is complemented with a
telemonitoring system and appropriate kit for end users. (The detailed characteristics of
the service are available in deliverables D3.2 v1.0 and D4.6 v1.1.). This system allows:


bidirectional interaction with the end user;



collection and recording of the end user’s clinical and environmental data,
including blood pressure, heart rate, 1-lead ECG, weight, glucose, pulse oximeter,
and other sensors (movement, environmental);



automatic transmission of data to the central healthcare system;



Help Me button for the patient’s requests for assistance.

3.2

Application techniques

Application of predictive modelling in the SmartCare project will be provided with two
different but complementary techniques, in accordance with the official guidelines of the
International Society of Pharmacoeconomics and Outcomes Research (ISPOR) 2 (2,31) and
the National Institute of Health and Care Excellence (NICE) 3 (32):

2
3



Cost-effectiveness analysis (CEA): cost-utility analysis based on estimations of
quality adjusted years gained (QALYs).



Budget impact analysis (BIA).

ISPOR website: www.ispor.org
NICE website: https://www.nice.org.uk
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4

Cost-effectiveness analysis of the FVG-SmartCare integrated
services for patients with heart failure

4.1

Introduction

A systematic review was conducted to identify economic evaluation studies on treatments
for CHF using modelling techniques. These studies were used to inform the development of
the structure of the cost-effectiveness model, providing insight into model methodology
and data inputs. Findings from this systematic review showed that the recent literature in
economic evaluations of CHF treatment is dominated by evaluations of drugs, such as
ivabradine, including several adaptations of the model submitted to the National Institute
for Health and Care Excellence (NICE) (33-37). There are also a significant number of
studies evaluating other type of services to CHF patients, such as supervised exercise
therapy, rehabilitation, telemonitoring, integrated care, etc. (18, 38-43). Taking into
consideration the disease states presented in the previous section and in the Figure 2, it is
suggested that a model for this type of patients should take into consideration the
mortality rate, admissions to hospital or other facilities, and also the impact on QoL.
Consequently, the ideal outcome would be to approximate the life years gained, costs and
quality-adjusted life years (Figure 4) (38,39,42,44).

Figure 4: The conceptual model for the prediction of the outcomes (McMurray et al.
Value Health 2015) (44)
A 4-states Markov model was developed in order to predict short and medium-term
outcomes of the FVG integrated services in terms of cost-effectiveness (and cost-utility),
compared with the usual care in the same setting. The analysis has been conducted from
the perspective of the Regional Health Authority of FVG with 2016 as the reference year.
All estimates are in Euros (€). Future costs and benefits have been discounted at 3.5% at
basic scenario, but alternative rates have been tested in sensitivity analyses. The basic
time horizon of the analysis was five years, in accordance with the regional strategy, but
longer and shorter horizons have also been tested (45). Due to the severity of the disease
and the age of the participants, this time horizon represents the lifetime scenario (longer
than the average expected survival for most of the patients under evaluation). We have
adopted 3-months cycle lengths, to correspond to the short pathway duration, with half
cycle correction. A hypothetical cohort of 5,000 patients has been simulated to receive
integrated care, and 5,000 patients to receive usual care, in probabilistic sensitivity
analysis.
The primary outcome of the model will be the incremental cost-utility ratio (incremental
cost per quality adjusted year gained, ICUR €/QALYs); the secondary outcome will be the
incremental cost-effectiveness ratio (incremental cost per life year gained, ICER €/LYGs).
Public
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The model has made full use of all the data collected during the SmartCare project in FVG,
based on the MAST evaluation framework, including patient characteristics, clinical
outcomes, healthcare resources use, and quality of life. When data were missing or the
sample was underpowered e.g. we had only one death in each of the groups, other public
sources were sought or expert opinion consulted to provide validation of the assumptions
made. Unit prices have been provided by the principal investigator of FVG, and represent
the official prices of these services for the region.
Whenever some data were still missing, assumptions from an expert panel have been used.
Assumptions are ways of incorporating uncertainties and beliefs about the real world into
the model. If there are many assumptions to test, then sensitivity analyses and scenario
analyses have to be included in the model to reduce uncertainty (13,46). Probabilistic
analysis has also been performed to assess the robustness of the results.
Statistical analysis of the collected data has been performed in IBM SPSS Statistics 22.
Model building and analysis have been conducted in the TreeAge Pro Healthcare 2016
Software supported by Microsoft Excel Modules.

4.2

Population of interest

Based on regional statistics (www.istat.it) and the heart failure prevalence in Italy (47), it
is estimated that there are about 12.000 patients with heart failure in the region of FVG. A
representative sample of 108 patients has been enrolled in the two pathways of the
SmartCare project (Table 1).
The eligibility criteria for these patients were:


Inclusion criteria:
i. Age >50 years.
ii. At least one moderate to severe chronic condition (heart failure, diabetes
mellitus, COPD).
iii. End user with social needs: social isolation, insufficient or inadequate social
or family support, need for environmental monitoring. Identification of social
frailty was made as per one BADL missing item.
iv. Signed informed consent.



Exclusion criteria:
i.
Inability to take an active part in the project, even with adequate caregiver
support (dementia or mild to severe cognitive impairment as per MMSE<24),
mental illness (e.g. major depression, legal incapacity).
ii.
Presence of a terminal disease with ≤ three months’ life expectancy.
iii.
Lack / inadequacy of technical / communication support for ICT-platform use.

The mean age of the enrolled patients was 80 to 85 years old, older than expected from
the literature (47,48). Although it was expected that this population would be older than
the national statistics (it was known that the region faces the challenge of aging more
intensely than other regions), we tried to validate the representativeness of the sample
population.
It was asked to collect the data of all the HF patients who had been hospitalised or
registered in the district services from 2012 to 2015. Data from about 10,000 patients have
been collected (Trieste services, capital of region) and only minor deviations have been
identified (Table 2). The only clinically significant deviation was that the integrated care
group in the long-term pathway was significantly older than the usual care group, and than
the HF registered population from the same region (85.29±8.16 vs 80.75±6.80 vs
78.39±8.59 years old, p<0.05).
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Moreover, probably due to the lack of an adequate number of deaths in order to make a
reliable estimate of mortality, there is significant deviation between in-project mortality
and actual regional mortality, which is also very close to the literature findings (22).
However, there was no significant difference in mortality between intervention and
comparator group, in accordance with the literature (49), and consequently the above
mentioned deviation does not affect the final outcome. In any case, in a sensitivity
analysis we have the impact of different mortality rates in accordance with the literature
(22).
Table 1: Main characteristics of the heart failure patients who have been enrolled in
the SmartCare FVG pilot and outcomes
Long term pathway
Integrated
Usual care
care
Mean
(or N)

SD

Mean
(or N)

SD

Short term pathway
Integrated
Usual care
care
Mean
(or N)

SD

Mean
(or N)

Pvalue

SD

N

21

24

32

31

NA

Gender (male)

11

6

23

15

0.021

Age

85.29

8.16

80.75

6.80

80.75

7.60

84.16

6.59

0.769

CCI

3.52

2.46

3.08

1.77

3.56

1.52

3.58

2.09

0.237

113.70

61.49

110.67

Outcomes
LFU

232.35

Deceased
Hospitalised patients
Hospitalisations
Mean length of hospital
stay per admission
Mean number of
admissions per patient
Patients admitted in a
nursing/residence home
Number of admissions
in a nursing/residence
home
Mean length of stay per
admission for patients
admitted in a
nursing/residence home
Total number of
contacts
Contact person (N)

146.26

317.21

4
7
8

90.84
4
11
23

7.75

1
6
7

11.65

0.38

0.59

1
9
14

7.71

0.96

1.43

45.3
5

0.039
0.072
0.055

14.14

0.054

0.49

<0.001

NA

0.45

0.85

0.054

1

1

0

3

NA

1

1

0

4

NA

49

0

7

1

NA

ΝΑ

18.22

17.51

NA

471

459

290

196

<0.001

0

0

0

0

NA

461

459

290

196

<0.001

Other health
professional

0

0

0

0

NA

Social worker

10

0

0

0

NA

Home visit

397

418

196

130

<0.001

Telephone

74

41

94

66

<0.001

GP
Nurse

Contact type (N, %)

Other
0
0
0
0
Nurse home visits per
7.32
4.94
4.85
3.41
patient per 3 months
Nurse contacts per
1.36
0.48
2.33
1.73
patient per 3 months
CCI, Charlson Comorbidity Index; GP, General Practitioner; LFU, Length of follow-up; NA, Not available
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Table 2: Data from heart failure patients from Trieste, the capital city of the region of
FVG
Long-term pathway:
patients living at home with moderate to severe CHF (12 months follow-up)
2012
N

2013

Probability

Number of patients

N

2014

Probability

1337

N

1298

Probability

2015
N

Probability

1287

1101

Population aged >50 years old

1335

99,85%

1296

99,85%

1286

99,92%

1101

100,00%

Population aged >70 years old

1063

79,51%

1094

84,28%

1063

82,60%

918

83,38%

Mean age (SD)

76,95 (8,53)

79,46 (8,67)

78,12 (8,69)

78.39 (8.59)

Male (%)

767

57,37%

755

58,17%

717

55,71%

641

58,22%

Mortality

59

4,41%

63

4,85%

69

5,36%

73

6,63%

Hospital admissions

409

30,59%

435

33,51%

416

32,32%

276

25,07%

Short-term pathway:
Patients recruited during his/her HF-related hospitalisation and followed for 3 months
2012
N

2013

Probability

Number of patients

N

2014

Probability

1359

N

1168

Probability

2015
N

Probability

1210

1205

Population aged >50 years old

1359

100,00%

1168

100,00%

1210

100,00%

1205

100,00%

Population aged >70 years old

1182

86,98%

1017

87,07%

1079

89,17%

1069

88,71%

Mean age (SD)

78,39 (8,59)

82,06 (9,43)

82,31 (9,14)

82,34 (9,42)

Male (%)

734

54,01%

599

51,28%

641

52,98%

619

51,37%

Mortality

244

17,95%

198

16,95%

210

17,36%

268

22,24%

HF Hospital admissions

207

15,23%

190

16,27%

20

1,65%

215

17,84%

Hospital admissions

529

38,93%

466

39,90%

493

40,74%

478

39,67%

4.3

Key input parameters

The key input parameters come from project results and whenever data are missing
regional data have been uses. The main probabilities used in the model are presented in
Table 3 and the utilities used in Table 4.
Table 3: Main probabilities used in the model (3-months cycle)
Long term
Integrated
Usual care
care

Short term
Integrated
Usual care
care

Readmission

0.1291

0.1300

0.1484

0.2361

Residential care

0.0184

0.0118

0.0000

0.0787

Mortality

0.0435

0.0435

0.0435

0.0435

Alive at home

0.8090

0.8147

0.8081

0.6417

Quality of life has been assessed in the project using the WHO-BREF questionnaire.
Although there was a consistent trend for improvement in the integrated care group in all
of the four domains, in contrast with the comparator group, these differences do not seem
to be clinically and statistically significant, and have not been confirmed from the project
level evaluation (see D8.4 for further details). Consequently, and despite the literature
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which also indicates a potential benefit from integrated care in the quality of life
(27,50,51), we have adopted the worst case scenario for the integrated care group, which
was that integrated care has no impact on quality of life. Estimate of utilities and
assumptions for decline of quality of life with age as well as after each hospital admission
has been adopted in accordance with Gohler et al (2009) and presented in Table 4 (52,53).
Prices and costs have been provided by FVG investigators and the management team based
on official pricelists of the regional health authority and other published sources e.g.
recent publications which refer to the cost of HF management in Italy (40,47,54,55). Prices
and costs have been cross-checked with the data collected for WP9. For example, although
the initial cost for the establishment of the service has been estimated at 200 €, the
additional costs for training of the personnel and the users, etc, have been added, so it has
been estimated at 364.10 € (80% more than the official cost). All prices and costs used in
the model are presented in the Table 5.
Table 4: Utilities used in the model
Variable
Name

Value

Baseline utility

U_Initial

0.787-((Age-64)*0.002)

Utility for hospitalized patient with HF

U_Adm

0.532

Utility for HF patient in Residential Care

U_Resid

0.673

Annual utility change for a HF patient in the
integrated care group

U_Reduce_i

- 0.002

Annual utility change for a HF patient in the usual
care group

U_Reduce_u

- 0.002

Abbreviation: HF, Heart Failure
References: Gohler et al. Value Health 2009(52); Chan et al. Circulation 2009(53)

Table 5: Prices and costs (€) used in the model
Long term
Integrated
Usual
care
care

Short term
Integrated
Usual
care
care

Initial cost per patient (establish IC service)

364.10

0.00

364.10

0

Daily cost of HF hospital admission

568.00

568.00

568.00

568.00

Cost per admission in residential care

2225.00

2225.00

2225.00

2225.00

Cost per nurse home visit

21.60

21.60

21.60

21.60

Cost per nurse contact

10.80

10.80

10.80

10.80

Annual cost of HF management (47)

950.22

950.22

950.22

950.22

Operational cost for IC service per patient
per 3 months

106.68

0.00

106.68

0.00

IC, Integrated Care

4.4

Results

4.4.1 Base case results
Although, it was assumed that there was no improvement in quality of life from the
integrated care services, the significant reduction of hospital admissions had a small
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positive impact on quality adjusted life years (Table 6). Moreover, this benefit has been
achieved with significant cost savings, about 6,000 € per patient over a time horizon of
five years. When a service under evaluation is cheaper and more effective it is called
“Dominant”; based on Drummond et al. (56), it should be reimbursed.
Table 6: Incremental cost-utility ratio of integrated care compared with usual care in
patients with HF in FVG
Total

Incremental

Costs (€)

QALYs

Usual care

18,994

2.1866

Integrated care

13,018

2.1910

Costs (€)

QALYs

ICUR
(€/QALYs)

- 5,976

0.0044

DOMINANT

Abbreviations: ICUR, Incremental Cost-Utility Ratio; QALYs, Quality-Adjusted Life Years

The cost-effectiveness analysis, based on the lack of any benefit in terms of mortality,
demonstrated that there was no difference in survival between the two groups, with mean
survival 3.17 years (Table 7), and transformed to cost-minimisation analysis. In accordance
with the principles for the evaluation of healthcare programmes, when there is no
difference in the effectiveness between the comparators, the total costs have to be
measured and the decision-makers should select the cheaper solution, which in this case is
integrated care.
Table 7: Incremental cost-effectiveness ratio of integrated care compared with usual
care in patients with HF in FVG
Total

Incremental

Costs (€)

LYGs

Usual care

18,994

3.1681

Integrated care

13,018

3.1681

Costs (€)

LYGs

ICER
(€/LYGs)

- 5,976

0.0000

DOMINANT

Abbreviations: ICER, Incremental Cost-Effectiveness Ratio; LYGs, Life Years gained

4.4.2 Sensitivity analyses
A univariate sensitivity analysis was performed. Results for the 10 most influential
parameters identified by the univariate sensitivity analysis are presented in Figure 5,
where red shading is used to signify where the low value of the parameter has been used,
while blue shading is used to signify where the high value of the parameter has been used.
The most influential parameter was the readmission probability for both groups, which
indicates that based on the variability presented in the project, there is a potential for
further savings. The ranges of the results of the 10 most influential parameters are
consistently on the left part of the Tornado diagram, which indicates negative values and
consequently cost savings. In this analysis, integrated care remains a dominant choice
despite the observed variability.
Since, integrated care is dominant, the numbers are not taken into account; they are high
because the clinical benefit is small. The variability used for these analyses is presented in
the diagram.
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Readmission Probability for Long Term Pathway,
Usual Care Group (0.1105 to 0.1495)
Readmission Probability for Long Term Pathway,
Intervention Group (0.109735 to 0.148465)
Mortality for Short Term Pathway, Intervention
Group (0.018 to 0.073)
Length of Stay in Hospital for ShortTerm Pathway,
Usual Care Group (12.019 to 16.261)
Daily cost of Hospital Admission (400.0 to 700.0)
Readmission Probability for Short Term Pathway,
Usual Care Group (0.200685 to 0.271515)
Length of Stay in Hospital for ShortTerm Pathway,
Integrated Care Group (6.5535 to 8.8665)
Mortality for Short Term Pathway, Usual Care
Group (0.018 to 0.073)
Readmission Probability for Short Term Pathway,
Intervention Group (0.12614 to 0.17066)
Mortality for Long Term Pathway, Usual Care
Group (0.018 to 0.073)
-€ 20,000,000

-€ 10,000,000

€0

Figure 5: Tornado diagram

4.4.3 Scenario analyses
Scenario analyses have been performed to test the robustness of the structural
assumptions. The results of all scenario analyses are presented in Table 8. In all of these
21 scenario analyses preformed, integrated care services are consistently cheaper than the
usual care with a small or no clinical benefit.
Even in the scenario where we have assumed that the results were not so positive for
integrated care, and that only 50% of this benefit could be achieved if the service could be
provided in large scale, e.g. because of lack of commitment from some of the healthcare
providers, integrated care remained a dominant choice.
Table 8: Scenario analysis
Costs (€)
Scenario

QALYs

ICUR
(€/QALYs)

Integrated
Care

Usual
Care

Integrated
Care

Usual
Care

Base-case

13.018

18.994

2,1910

2,1866

Dominant

Undiscounted (0%)

13.946

20.339

2,3467

2,3420

Dominant

Discounted 5%

12.651

18.463

2,1294

2,1251

Dominant

Time horizon 1 year

3.810

5.654

0,6438

0,6423

Dominant

Time horizon 10 year

17.511

25.504

2,9375

2,9318

Dominant

Readmission rate (doubled)

20.227

38.230

2,1608

2,1426

Dominant
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Costs (€)
Scenario

QALYs

ICUR
(€/QALYs)

Integrated
Care

Usual
Care

Integrated
Care

Usual
Care

Readmission rate (halved)

9.526

11.150

2,2056

2,2045

Dominant

Reduced mortality (-8%)

13.455

19.610

2,2666

2,2622

Dominant

QoL improvement (10%)
Utility (QoL) decrements for
hospitalisation doubled
Utility (QoL) decrements for
hospitalisation halved
Utility (QoL) time trend doubled

13.018

18.994

2,4090

2,4042

Dominant

13.018

18.994

2,2617

2,2664

Dominant

13.018

18.994

2,1556

2,1467

Dominant

13.018

18.994

2,1800

2,1758

Dominant

Utility (QoL) time trend halved

13.018

18.994

2,1953

2,1909

Dominant

Hospitalisation costs +50%

16.512

26.222

2,1910

2,1866

Dominant

Hospitalisation costs -50%

9.525

11.767

2,1910

2,1866

Dominant

Integrated care cost doubled

13.018

18.994

2,1910

2,1866

Dominant

Integrated care cost halved

12.387

18.994

2,1910

2,1866

Dominant

HF management cost doubled

15.828

21.805

2,1910

2,1866

Dominant

HF management cost halved

11.613

17.589

2,1910

2,1866

Dominant

Initial investment doubled

13.018

18.994

2,1910

2,1866

Dominant

Initial investment halved
Reduced effectiveness (-50% in days inhospital)

13.018

18.994

2,1910

2,1866

Dominant

15.932

18.994

2,1910

2,1866

Dominant

4.4.4 Probabilistic sensitivity analysis (PSA)
Probabilistic sensitivity analysis (PSA) was performed, and the results of 5,000 simulations
were plotted on the cost-effectiveness scatterplot (Figure 6) and the cost-effectiveness
plane (Figure 7). The cost-effectiveness scatterplot shows that although there is no clear
benefit of integrated care in terms of gain in quality adjusted life years, based on the
SmartCare results, the clinical outcomes have been achieved with a significantly lower
cost.
The cost-effectiveness plane (Figure 7) shows that the ICER for most of the patients in the
hypothetical cohort lies in south-east quadrant, which demonstrates a dominant choice.
For the rest of them (lying in the south-west quadrant), integrated care is much cheaper
than usual care but not better.
It is obvious that regardless of the willingness-to-pay threshold, integrated care has about
100% acceptability ratio, since all of the scenarios demonstrated savings.
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Figure 6: Cost-effectiveness scatterplot

Figure 7: Cost-effectiveness plane
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5
5.1

Budget impact analysis of the integrated care services for
patients with heart failure in FVG
Introduction

Financial crisis and budgetary constraints make the assessment of the impact of new
technologies on healthcare budgets more important. A Budget Impact Analysis (BIA)
assesses the financial consequences of the introduction of a new technology in a specific
setting in the short-to-medium term (57). BIA is supposed to be complementary to more
established types of economic evaluations (e.g. cost-effectiveness, cost-utility, etc.),
providing additional information for decisions on the reimbursement of new technology.
While cost-effectiveness analysis (CEA) may help assigning priority to interventions, BIA is
perceived as useful in assessing their sustainability, a major concern for budget holders
with scarce financial resources (58). Most regions in Europe (e.g. England and Wales,
Spain, Belgium, France, Hungary, Italy, and Poland) have included a request for the BIA as
part of the evidence base to support reimbursement (58).
The BIA of the FVG integrated care services for patients with heart failure (HF) has been
performed in accordance with the “Budget Impact Analysis—Principles of Good Practice:
Report of the ISPOR 2012 Budget Impact Analysis Good Practice II Task Force”.(59)

5.2

Objective

The objective of this analysis was to assess the financial consequences of the SmartCare
integrated care services for patients with heart failure in FVG and their sustainability in
short- and mid-term from the perspective of the regional health authority of FVG.

5.3

Study design and methods

Assessing the budget impact of introducing ICT-enabled integrated care requires a
calculation of the costs associated with the management of the condition after the
introduction of the new services (world with ICT-enabled integrated care) compared with
the costs prior to the introduction of the new therapy (world without ICT-enabled
integrated care).
A model was developed in Microsoft Excel 2016 in order to determine the budget impact of
the introduction of ICT-enabled integrated care for the management of patients with HF in
the FVG region from a budget holder perspective (Region of FVG).
The model considered: regional population; national and regional prevalence of the
disease, the number of patients likely to be eligible for receiving integrated care services;
cost of development of new services and operational cost; cost of HF management; the
predicted uptake of new type of care; the frequency and cost of hospitalisation; the cost
of care in nursing homes / residential care; the contacts with the nurses and social
workers; and finally the impact on mortality, hospital admissions and total number of days
in hospital.
The general model structure is presented in Figure 8. The “current environment” assumes
the time period prior to the introduction of ICT-enabled integrated care. The “new
environment” assumes a proportional uptake of ICT-enabled integrated care over a 10-year
period. The difference in the total cost between the two arms represents the budget
impact associated with the introduction of ICT-enabled integrated care.
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Reference: Budget Impact Analysis—Principles of Good Practice: Report of the ISPOR 2012 Budget
Impact Analysis Good Practice II Task Force

Figure 8: Budget impact schematic

5.3.1 Model perspective, time horizon and discounting
The model perspective was that of the Region of FVG (budget holder) and the time horizon
of the base case scenario was five years, which is a typical time frame for a budget impact
model (59). However, annual and cumulative results from year 1 to year 10 will be
presented.
The budget holder’s interest is in what impact is expected in each budget period;
consequently, a BIA should present the financial streams for each budget period as
undiscounted costs (59).

5.3.2 Computing framework
As suggested, the model for the BIA has been developed in Microsoft Excel 2016, following
the structure of the costing templates produced by NICE 4 and in accordance with the
official guidelines. The simple cost calculator approach is the preferred option because it
is more easily understood by budget holders.

5.3.3 Patient population
Data for the population from 2006 till 2015 were obtained from the Official National
Statistical Service, showing a slight average increase of 0.11% per year. Based on official
statistics (www.istat.it), the population of the region at 1st January 2016 was 1,221,218,
with more than 20% of the population aged over 65 years old.

4

Available at http://www.nice.org.uk
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Based on data from the Regional Health Authority and the capital city of the region, the
prevalence of HF in this population is estimated at 0.96%, although higher prevalence is
reported in the literature. In a recent Italian study for the management of patients with
heart failure in general practice, it was estimated that HF prevalence in Italy was 1.25%
(47). In the base case scenario, we have used the officially provided prevalence of the
disease; the impact of a higher prevalence was tested in a scenario analysis.
Based on expert opinion the representatives of the RHA of FVG, from the HF population
about 50% are eligible for ICT-enabled integrated care, mainly because the others have
mild or no symptoms, and they are not followed regularly for the disease, or they do not
make use of the regional healthcare services, e.g. undiagnosed.
The model also accounted for the fact that the population of patients with HF is
increasing. The American Heart Association reported that the prevalence of HF is
predicted to increase by 46% between 2012 and 2030 (60). Therefore, an annual increase
of 2.56% was applied to HF prevalence.
The introduction of ICT-enabled integrated care sets in motion various dynamics at
different levels, e.g. in the RHA, among health and social care providers, care recipients’
attitude, market etc. The uptake of the new type of care is by definition not known at the
time of analysis; forecasting this is challenging, but also an important component of BIA.
Based on discussions with health and social care professional participating in the project,
as well as with representatives of the management team of the FVG deployment site, an
almost linear and slow uptake has been assumed in the base case analysis: 10% annual
increase for the first six years, and then 5% till year 10 (Table 9).
The patient population considered in the model is presented in the Table 9.

5.3.4 Key input data
The main probabilities used in the model are based on the local project results for HF
patients (long-term pathway), and are presented in Table 10. In cost-effectiveness
analysis, we have used 3-months probabilities for short and long term pathways, while in
BIA we use annualised probabilities for long term pathways. The model considered the
impact of hospitalisations due to any cause in the budget impact calculations, although it
is well known that most of these admissions are due to HF exacerbation (22).
The costs and the prices used in the model are the same as used in the CEA (for long-term
pathway), and are presented in Table 11. The impact of integrated care on productivity,
social services and other costs outside healthcare has not been included in this analysis, as
suggested in the relevant guidelines (59).

5.3.5 Uncertainty and scenario analyses
Two types of uncertainty are relevant with this analysis (11):


Parameter uncertainty in input value, mainly around the effectiveness of integrated
care, but also concerning the healthcare resources used, heart failure prevalence,
etc.



Structural uncertainty introduced by the assumptions made in framing the BIA.

Uncertainty has been addressed by a number of scenario analyses changing all input
parameter values and structural assumptions to produce plausible alternative scenarios
(59).
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Table 9: Population considered in the model
Year 0

Year 1

Year 2

Year 3

General population

1.221.218

1.222.526

1.223.835

1.225.146

HF prevalence rate

0,96%

0,98%

1,01%

1,04%

1,06%

1,09%

Patients with HF

11.724

12.036

12.357

12.686

13.024

Eligible patients

5.862

6.018

6.178

6.343

0%

10%

20%

5.862

5.416

-

602

Uptake of ICT-enabled IC
Usual care recipients
Integrated Care recipients

Public

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

1.230.402

1.231.720

1.233.039

1.234.360

1,12%

1,15%

1,17%

1,20%

1,24%

13.372

13.728

14.094

14.470

14.855

15.251

6.512

6.686

6.864

7.047

7.235

7.428

7.626

30%

40%

50%

60%

65%

70%

75%

80%

4.943

4.440

3.907

3.343

2.746

2.466

2.170

1.857

1.525

1.236

1.903

2.605

3.343

4.118

4.581

5.064

5.571

6.100

1.226.458 1.227.771 1.229.086
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Table 10: Annual probabilities used in the budget impact analysis (base case)
Probability

Integrated care

Usual care

Mortality

17.4%

17.4%

Admissions per patient

0.5164

0.5200

Length of stay

7.75

11.65

Admission in residential care

1.84%

1.18%

Nurse home visits per patient per year

29.28

19.76

Nurse phone contacts per patient per year

5.44

1.92

Integrated care

Usual care

Initial cost per patient (establish IC service)

364.10

0.00

Daily cost of HF hospital admission

568.00

568.00

Cost per admission in residential care

2225.00

2225.00

Cost per nurse home visit

21.60

21.60

Cost per nurse contact

10.80

10.80

Annual cost of HF management

950.22

950.22

Annual operational cost for IC service per patient
IC, Integrated Care

426.72

0.00

Table 11: Prices and costs (€) used in the model

5.4

Budget impact results

Within the defined population of about 1.2 million citizens, it is estimated that about
3,300 patients with heart failure could receive ICT-enabled integrated care services in a
time horizon of five years (Table 9 and Figure 9). Based on estimates / assumptions of
local decision makers, it has also been assumed that this year integrated and usual care
will have the same share of care recipients.

5.4.1 Clinical impact
The model demonstrates no benefit in terms of mortality and only a slight benefit in terms
of hospital admissions. However, a significant number of days in hospital have been
avoided due to the services under evaluation (Table 12). Figure 10 shows that integrated
care has the potential to reduce days in hospital, and that this benefit increases with time
and market share.
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Figure 9: Projection of the FVG HF patients and integrated care recipients
Table 12: Clinical impact of the introduction of ICT-enabled integrated care in heart
failure patients in FVG
Probability
Annual
Deaths avoided
Hospital admissions avoided
Days in-hospital avoided
Cumulative
Deaths avoided
Hospital admissions avoided
Days in-hospital avoided

3 years

5 years
(base case)

10 years

0
5
2,665

0
9
5,050

0
17
9,910

0
8
4,736

0
24
13,614

0
95
54,465

Figure 10: Total number of days in hospital per year for patients with heart failure in

FVG region, without and with integrated care
Public

Page 31 of 45

v1.0, 15th October 2016

D7.2 Report on the predictive model application for the
first deployment site
5.4.2 Budget impact
It is estimated that the total annual cost for the management of about half of the patients
with heart failure in the region of FVG (about 6,000 patients) has already exceeded 24
million euros, and the forecast shows that this amount will reach 30 million euros in less
than 10 years (Figure 11). The main contributor to this cost is hospitalisation cost, covering
more than 60% of the total cost (Figure 12a and 12b).

Figure 11: Forecasting the total annual cost for the management of the eligible heart
failure patients in FVG

Figure 12: The main cost categories for the management of heart failure in FVG with

(12a) and without (12b) integrated care
While ICT-enabled integrated care is associated with a significant investment for the
development of the service, including ICT infrastructure, devices, training of personnel
etc., and an even more significant operational cost, these costs have been outweighed
after the third year by the savings as a result of significantly reduced days in-hospital
(Table 13). These savings have also outweighed the increased cost of residential and
primary (nursing) care.
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Figure 13:.The annual expenditure per cost category with and without integrated care
in FVG
The net annual budget impact of the introduction of ICT-enabled integrated care in FVG
for the management of patients with heart failure is estimated to be –620,385 € in Year 5
(base case scenario), which indicates savings for the budget holder (Table 13). The
cumulative budget impact is estimated to be –1,179,600 €.
The model has predicted a 0.53% budget impact (about 130,000€) in the first year of the
introduction of IC, but increasing annual savings from the second year (-2.30% in year 5,
about -620,000€) (Figure 14).
A comprehensive presentation of the budget impact results is shown in Table 14.
Table 13: The annual and cumulative budget impact of the introduction of ICT-enabled
integrated care in heart failure patients in FVG
ANNUAL COST (€)

Year 3

Year 5

Year 10

IC development cost

342.369

457.117

562.592

IC operational cost

553.141

1.048.214

2.056.882

HF management cost

0

0

0

Hospitalisations Cost

-1.513.712

-2.868.516

-5.628.812

76.142

144.292

283.139

315.832

598.508

1.174.436

-226.228

-620.385

-1.551.762

Residential Care Cost
Nursing Cost
Net budget impact
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CUMULATIVE COST (€)

Year 3

Year 5

Year 10

IC development cost

869.556

1.725.046

4.253.095

IC operational cost

983.035

2.825.691

11.304.636

HF management cost

0

0

0

Hospitalisations Cost

-2.690.149

-7.732.716

-30.935.983

Residential Cost

135.319

388.970

1.556.136

Nursing Cost

561.292

1.613.409

6.454.706

-140.946

-1.179.600

-7.367.410

Net budget impact

Figure 14: The annual budget impact expressed as a percentage of the total
expenditure without integrated care
(negative percentages indicate savings with integrated care)
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Table 14: The budget impact results
Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

1.222.526

1.223.835

1.225.146

1.226.458

1.227.771

1.229.086

1.230.402

1.231.720

1.233.039

1.234.360

12.036

12.357

12.686

13.024

13.372

13.728

14.094

14.470

14.855

15.251

6.018

6.178

6.343

6.512

6.686

6.864

7.047

7.235

7.428

7.626

Population & epidemiology
Total population
HF patients
Eligible HF patients
Uptake of IC
HF patients receiving IC

10%

20%

30%

40%

50%

60%

65%

70%

75%

80%

602

1.236

1.903

2.605

3.343

4.118

4.581

5.064

5.571

6.100

HF patients receiving UC

5.416

4.943

4.440

3.907

3.343

2.746

2.466

2.170

1.857

1.525

HF incidence (new eligible cases)

1.190

1.222

1.254

1.287

1.322

1.357

1.393

1.430

1.468

1.508

Deaths

1.034

1.061

1.089

1.118

1.148

1.179

1.210

1.243

1.276

1.310

Deaths Avoided

0

0

0

0

0

0

0

0

0

0

Hospital Admissions Avoided

1

3

5

7

9

11

13

14

16

17

511

1.560

2.665

3.828

5.050

6.335

7.386

8.189

9.030

9.910

IC development cost (€)

238.182

289.005

342.369

398.372

457.117

518.711

443.812

481.681

521.253

562.592

IC operational cost (€)

106.060

323.834

553.141

794.442

1.048.214

1.314.949

1.533.062

1.699.772

1.874.280

2.056.882

0

0

0

0

0

0

0

0

0

0

Clinical impact

Days In-Hospital Avoided

Budget impact (€)

Cost of follow-up (€)
HF management cost (€)

-290.241

Residential care cost (€)

14.600

44.577

76.142

109.359

144.292

181.009

211.033

233.982

258.003

283.139

Nursing Cost (€)

60.558

184.902

315.832

453.610

598.508

750.808

875.346

970.533

1.070.174

1.174.436

129.158

-43.877

-226.228

-418.268

-620.385

Net budget impact (€)
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5.4.3

Scenario analyses

In order to address the unavoidable uncertainty of a BIA, a number of scenario analyses
have been conducted. These analyses show that ICT-enabled integrated care has the
potential to release resources in most scenarios (Table 15 and Figure 15).
Moreover, it shows that the results may be better if more patients are considered eligible,
if the prevalence of the disease is higher, and if the service uptake is faster. On the other
hand, worse results are seen when there is a 30% reduced effectiveness of the service, a
reduced daily cost of hospital admission, and an increased cost of the contacts with the
primary care.
The annual cost for heart failure management (scenario 4) does not affect the results
because it has been assumed that there was no difference between integrated and usual
care.
Table 15: Budget impact scenario analyses
Year 3
BASIC SCENARIO

Year 5

Year 10

-226.228 -620.385 -1.551.762

Scenario 1 - Prevalence 1.25%

-294.567

-807.793

-2.020.524

Scenario 2 - Mortality (7,2%)

-354.724

-863.888

-2.029.581

218.622

222.614

102.433

-226.228

-620.385

-1.551.762

Scenario 5 - Reduced average daily cost for HF admission (-30%)

223.622

232.089

121.025

Scenario 6 - Increased initial investment cost (+50%)

-55.043

-391.827

-1.270.466

50.343

-96.278

-523.321

Scenario 8 - Faster uptake of IC (65% in year 5)

-248.751

-906.838

-1.851.404

Scenario 9 – Slower uptake of IC (25% in year 5)

-113.114

-310.193

-898.326

Scenario 10 - Increased eligibility (70%)

-316.719

-868.539

-2.172.467

Scenario 11 - Reduced eligibility (30%)

-135.737

-372.231

-931.057

221.761

228.562

114.104

Scenario 3 - Reduced effectiveness (30% less reduction in LOS)
Scenario 4 - Annual cost for HF management (-50%)

Scenario 7 - Increased IC operational cost (+50%)

Scenario 12 - Increased cost for primary care (+50%)
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Figure 15: Graphical representation of the annual net budget impact under different
scenarios

5.4.4 Validation
The validation of the current budget impact analysis has been based on:


Agreement with relevant decision makers on the methodology and computing
framework, key performance indicators, aspects included, and how they are
addressed.



Verification of the cost calculator and all formulas.
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Since the new intervention has been introduced and integrated care services have
already been available to the citizens of FVG, it has been suggested to collect data
and compare with estimates from the BIA.



The model could also be tested and validated in deployment sites of the projects in
progress, CareWell and Beyond Silos, strengthening synergy even more.
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6

Strengths
i.

The two models developed for the needs of SmartCare project have taken into
account all relevant features of the health and social care system of FVG, possible
restrictions in service uptake, population characteristics and epidemiology of the
disease in this specific area, and finally the impact of integrated and usual care on
different stakeholders based on project results.

ii.

The application of predictive modelling in the FVG deployment site of the
SmartCare project uses methods consistent with the gold standards for the
economic evaluation of a healthcare programme (56), international guidelines for
modelling and cost-effectiveness analyses (2,12,31) and national guidelines for
health technology assessment before reimbursement (32).

iii.

The findings of this analysis are consistent with the findings of other similar
approaches in this field (17,27,49,51).

iv.

It is important to say that this application strengthens even more the synergy with
the CareWell project, adding predictive modelling into the fields of synergies.

v.

It complements the cost-benefit analysis and the work of WP9, cross-validating
outcomes of both sides.

vi.

The predictive modelling application in FVG makes full use of all the data collected
during the project, other data collected from regional health authorities, and
administrative databases, etc.

vii.

The MAST evaluation framework is appropriate for the collection of all the relevant
data, and predictive modelling could be a structural element of it in order to
support the assessment of sustainability and transferability.
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7

Limitations
i.

These two models represent a simplification of the costs and benefits that may be
realised following the introduction of ICT-enabled integrated care, and indirect
costs, e.g. productivity loss, have not been taken into account.

ii.

The follow-up of the care recipients in the framework of the SmartCare project is
too short to identify the impact of these services on all relevant stakeholders;
consequently, some of the input probabilities had to be adapted to different
scenarios in order to confirm the robustness of the results. It is clearly stated in the
literature, and also in deliverable D8.4, that longer follow-up is necessary to take
full advantage of integrated care, and in order to be able to identify all potential
benefits for different stakeholders.

iii.

The application focused only on heart failure, and has not included other type of
diseases. The model should be extended to include diabetic patients, patients with
COPD, and also frail and multimorbid patients, but in this case longer follow-up and
more data are necessary to validate these results.

iv.

There was not enough time to validate the model by testing the transferability to
the second deployment site. The collaboration and parallel work with the second
team, and the synergy with the CareWell project, will also provide some data about
the feasibility of the transferability of the model in a second deployment site (for
more details, see deliverable D7.7).
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Key messages
i.

The application of predictive modelling in integrated care projects is feasible, and
could produce some evidence about how a service will behave without actually
testing it in real practice.

ii.

This technique has been extensively used by public institutions, insurance
companies and pharma industry in order to improve efficiency and reduce costs.

iii.

In SmartCare project, cost-effectiveness and budget impact analyses show that ICTenabled integrated care for patients with heart failure in FVG could be a
sustainable service; it has the potential to release resources that could be used to
cover other needs or priorities.

iv.

This conclusion cannot be generalised for the whole project, since significant
diversity has been seen, and the transferability of the model has not yet been
validated.

v.

The models developed for FVG have allowed forecasting of future outcomes,
resources used, and the budget impact, although further validation in different
settings is necessary.

vi.

Further work is also needed in order to adjust the model to different care
recipients, type of services, and organisational models.

vii.

Appropriate common key performance indicators for integrated care services are
prerequisites for a reliable and useful health technology assessment.

viii.

Predictive modelling techniques should be part of project evaluation in order to
support informed decision making.

ix.

These techniques could transform MAST evaluation framework from a project
evaluation tool to a management tool for informed decision-making.
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