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1. Executive Summary
Deliverable D2.1 is about the description of the Shared Decision Model Framework
developed for WP2 Task 2.3 of Mobiguide. The work done for task 2.3 is related to task
5.1 in WP5, which is described in the deliverable D5.1. D5.1 reports on the technical
details of the design and implementation of the tools for shared patient-care provider
decisions.
D2.1 is focused on the rationale for the development of such model, on the theoretical
framework underlying the selected type of model and on the technical details of the
solution implemented during the first year of the project. In particular, we will address
the importance of considering patient preferences in the decision process and we will
show the methods that can be used to perform such task. As a matter of fact, within
MobiGuide, the personalization of the care delivery is not based on genetic distinction
(that is another option to implement “personalized medicine”), but rather addressing
patient’s attitudes, job-related requirements, free time exploitation, economic conditions,
etc. We will introduce the main features of decision trees, a category of decision models
particularly useful for healthcare analyses and we will explain how these models can be
implemented using a specific software tool. We will report on a specific example of
decision tree that has already been implemented for Mobiguide, and for which two web
interfaces have been developed during this year.
This deliverable is organized as follows: Section 2 describes the main goals of the
Decision Model Framework with respect to the Mobiguide project.
In Section 3, we present a background on decision analysis and decision trees. In
particular, we will describe the main features of decision tree models applied to clinical
decision support. We will introduce the theory of decision trees and describe the main
concepts behind the decision tree construction, namely probabilities, pay-offs and
utilities. Regarding utilities, the last part of Section 3 will be focused on the methods
through which a physician can elicit utility coefficients and values from the patients. We
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will describe the three most used methods, which are: the Rating Scale, the Time tradeoff, and the Standard Gamble.
Section 4 introduces the tools we have selected to build and run our decision models. In
particular, we will describe two products of the TreeAge suite: TreeAge Pro and its
companion tool TreeAge Pro Interactive.
Section 5 will describe the part of the framework we have implemented during the first
year of the project. We will provide a detailed description, including all the references to
the literature, of the decision tree model we developed for evaluating the therapeutic
choice between acetyl salicylic acid and oral anticoagulant therapy to prevent thromboembolism. The remaining of the section is devoted to the description of the tools we
have implemented. First, we will introduce the web interface for running the decision
tree and for changing selected variables according to the physician's and patient's
preferences. Then, we will describe the utility coefficient elicitation web interface,
focusing on the specific solutions adopted to present the three methods to the patient.
Finally, we will introduce the cost model needed to run cost effectiveness analysis in the
decision tree, in order to give the patient also an idea of the economical burden implied
by each of the possible options.
In Section 6, we will discuss open issues and future developments we will address in
the next years of the project. Section 7 contains some concluding remarks.
The result of the Shared Decision module will often be the decision, based on a
combination of the patient's preferences and the current evidence, to follow one of
several options for a protocol or a guideline, or to branch into some option within an
existing guideline that is being applied to the patient. Support to the actual
administration of the recommended protocol will then be handled by the Mobiguide
guideline-application engine (a part of WP5).
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2. Introduction
Decision trees have been used for a long time in the medical decision making area.
They have been mainly exploited for economic evaluation of healthcare programs,
namely cost-effectiveness and cost-utility analyses. Pharmaco-economics is one of the
applications. However, most of the applications have been targeted at the population (or
sub-population) level, and are used to inform decision makers about healthcare policies.
Unlike these common approaches, the target of the MobiGuide project's application of
decision analysis is a specific patient. The goal is to integrate evidence-based and
preference-based medicine, paying particular attention to avoid any conflict with
scientific evidence. This may be accomplished by developing decision models for those
situations, highlighted by the guidelines themselves, where lack of hard evidence makes
it very important to share the decision with the patients and/or their relatives. Thus, our
efforts have been (and will be) devoted to: (a) creation of decision trees related to those
uncertain situations and (b) designing and developing a user interface to be used during
the patient-physician face-to-face encounters. Through this interface, we collect as
much data as possible that can lead to a personalization of the decision models. In fact,
when building the trees, we quantify them with default probabilities and utilities,
gathered from the literature, in such a way that, in the absence of more specific values,
the tree may be used by the physician to reason about the general problem. But at the
moment of face-to-face encounters, we want to assist the care providers in
personalizing the patient's specific decision tree. Thus, the interface assists the
physician, or the psychologist, in interviewing patients and eliciting their preferences.
More precisely, concerning Task 2.3 of WP2, preferences are quantified through values
and utility coefficients that a patient assigns to every possible health state that is
included in the decision tree.
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3. Background
3.1. Decision trees for medical decision making
In the medical domain, the accuracy of the measurements, the comparison between
different techniques and the diagnostic tests execution criteria, the so-called normal
values determination, prognostic predictions, risk stratification, follow-up criteria, etc.,
are factors that require evaluation and are a source of variability in clinical practice.
Decision analysis is a process that allows expressing and formalizing the problems of
clinical decision in a structured way, in order to choose the optimal strategy among
those possible in the interests of a patient or of a population of patients. It is
characterized by being explicit because it analyzes and breaks down the decision
problem into its logical components. These components will be individually examined
and then reassembled in a systematic way. It is also a quantitative analysis, because
the available scientific evidence has to be checked about the assumptions made and
specific values have to be assigned to different outcomes.
Finally, decision analysis is prescriptive, and not descriptive, in the sense that it is a
formal decision-making framework (with available computational tools) and not a
cognitive model of medical thought.
There are basically two computational formalisms for implementing decision analysis:
influence diagrams (ID) [2] and decision trees (DT) [22]. IDs are known as a very
intuitive and compact tool for presentation to domain experts and even patients,
because they display dependency and independency relations very clearly, by the
existence or nonexistence of dependency arcs between the represented variables.
However, we decided to use DTs because (i) their expressive power is equivalent to
IDs, and (ii) the temporal order of decisions of IDs is much less clear and intuitive than
that of DTs. A detailed description of DTs is given in the next section.
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3.1.1. Decision Trees
Decision trees (DTs) are one of the most used formalisms in the analysis of the logical
structure and timing of clinical decision. They connect the alternative decision options to
their expected effect and the final outcomes of each possible scenario. This is done
following a precise formalism given by the combination of nodes and branches.
In the construction of a decision tree, the following conventions are used:
1. Each branch of the tree is associated with a node, located at the end of the
branch. Each node represents a certain type of event: a decision, an uncertain
event or a final result. They are called respectively decision nodes, chance nodes
and terminal nodes.
2. A decision node is represented by a square. Decision nodes are the starting
points for the alternatives options that the study must consider. The branch
ending in the initial decision node is labeled with some context information about
the target of the analysis (i.e. male population aged 45-55).
3. A chance node, represented by a circle, symbolizes an uncertain event, with a
finite number of possible outcomes, which must be exhaustive and mutually
exclusive. Each outcome is associated with its occurrence probability. Thus, the
total sum of the probabilities of the outcomes starting from the same node must
be equal to 1.
4. A terminal node, usually represented by a triangle or a diamond, is used to
identify the end of a path. These nodes are associated with a payoff value,
characteristic of that path. A payoff is an outcome that the decision maker wants
to maximize (e.g. years of life) or minimize (e.g. cost). All nodes at the end of a
path must be terminal nodes.
5. Time flows from left to right. The trees have a horizontal structure, ordered from
left to right, in which each subsequent set of branches is the result of an event or
a decision. Thanks to the temporal sequence of events, decisions are made
taking into account the knowledge gained up to that moment.
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Running or solving a decision tree refers to calculating the expected values of the
payoffs for all the possible decision options, by weighting the values at the end of the
paths with their probability of occurrence. After a tree is run, the decision node shows,
for each strategy, these expected values. The solution suggested by the model will be
the one optimizing the utility of the payoff. In case of multiple, competing payoffs, the
results of the tree cannot be used as direct suggestions, but they just represent
quantitative values useful to reason about. For example, suppose Option 1 gives better
QALYs than Option 2, which instead gives less out-of-pocket costs. In this case, the
final choice could depend on the financial status of the patient.

3.1.1.1.

Probabilities

Traditional decision tree structures do not allow representing transitions between health
states that can occur over time, especially when a long time horizon has to be
evaluated. To overcome this situation, Markov models (MM) [19] can be integrated into
the tree model. MM are mathematical models allowing to follow a cohort of individuals
over time and to determine how the intervention affects costs and benefits. MM are
models used to describe systems evolving in a probabilistic manner and in which the
state of the system at step i +1 depends only on the state at step i.
In decision analysis, discrete MM are used to describe the evolution of the health state
of a cohort of patients. These states must be mutually exclusive. The transitions from
one state to another are referred to a particular time range, called the Markov cycle.
A set of initial probabilities specifies the distribution of the cohort in the possible states
at the beginning of the process. A transition probability matrix specifies the transitions
between states in the following cycles.
In the graphical representation of a standard MM, each state is denoted by a circle.
Transitions are represented by directed edges. An edge that returns to the same state
from which it originates indicates that it is possible to stay in the same state for more
than one cycle. The numbers above each edge identify the probability to move from one
state to another; and the probabilities outgoing from each node must sum up to 1.
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3.1.1.2.

The QALY Payoff

A very important aspect of decision analysis is the evaluation of the impact the different
decision options have on the quality of life. There are several methods to quantify this
aspect, that are based on reliable estimates.
Quality-Adjusted Life Years (QALYs) [18], also referred to as Quality Adjusted Life
Expectancy (QALEs) [17] are one of the most known and used indicator that combines
duration and quality of life. In fact QALYs allow the analyst to combine into a single
value the life expectancy and a qualitative description of the health states considering
physical, mental and social aspects.
To define QALYs each health state is characterized by a coefficient ranging from 0
(death) to 1 (perfect health). This coefficient is defined as utility coefficient. More
formally, given a time span T divided into n time intervals ti, i=1, .., n each spent in a
particular health state si, QALYs are defined as Σi=1,n (ti x ui), where ui is the utility
coefficient for si.

3.1.1.3.

Utilities

Individual preferences for health outcomes can be measured through the use of three
methods, which will be described in Section 3.1.2.
In addition to these methods, two alternatives can be considered. The first one exploits
past efforts whose results are reported in literature: there are tables of utility coefficients
for several specific diseases [4], derived by interviewing a large number of people.
The second one, which is very attractive and is being widely used, is to bypass the
measurement task by using one of the pre-scored multi-attribute health status
classification systems that exist.
Traditional utility theory was extended to cover multi-attribute outcomes [7] with one
additional assumption to the three axioms of ordinality/transitivity, continuity and
independence/invariance (see section 3.1.2.3). This assumption is that the utility
independence among the attributes can be represented by at least first-order utility
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independence,

and

perhaps

by

stronger

utility

independence

(mutual

utility

independence, additive independence).
First-order utility independence implies that there is no interaction between preferences
among levels on any one attribute and the fixed levels for the other attributes. Mutual
utility independence is a stronger assumption. It requires that there is no interaction
between preferences for levels on some attributes and the fixed levels for other
attributes.
This characteristic must hold for all possible subsets of attributes. Additive utility
independence implies that there is no interaction for preferences among attributes at all.
That is, the overall preference depends only on the individual levels of the attributes and
not on the way in which the levels of the different attributes are combined.
The three independence assumptions lead to three different multi-attribute functions.
The simplest assumption, first-order utility independence, leads to the most complex
mathematical function, the multi-linear function. The second possible assumption,
mutual utility independence, leads to the multiplicative function; and the strongest
assumption, additive independence, leads to the simplest function, the additive function.
In order to accomplish the project goals on personalization, we choose to follow a
strategy that, starting from the literature coefficients, provides an opportunity to the
caregiver (physician and/or psychologist) to elicit the patient's personal utility
coefficients for each of the health states.

3.1.2. Utility coefficient elicitation methods
The three most widely used techniques to directly measure the preferences of
individuals for health outcomes are:
-

The Rating scale and its variants (not suitable for QALY calculation, but useful for
ranking states);

-

The Time trade-off.

-

The Standard gamble.
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In the next paragraphs, a brief description of each method is given.

3.1.2.1.

The Rating Scale

The simplest approach to measure preferences is to ask subjects first to rank health
outcomes from the most preferred to the least preferred, and second, to place the
outcomes on a scale such that the intervals or spacing between placements correspond
to the differences in preference as perceived by the subject. That is, outcomes that are
almost equally desirable would be placed close together while outcomes that are very
different in desirability would be placed far apart.
There are a number of variations on the rating scale approach. The scale can have
numbers (e.g. 0-100), categories, or just consist of a 10 cm line on a page. The different
variations often have different names. A Rating Scale usually refers to a scale of
numbers, often 0-100. Category rating is the variation that consists of a small number of
categories, often 10, that the subject has to assume to be equally spaced. Visual
analogue scaling consists of a line on a page, often 10 cm in length, with clearly defined
endpoints and with or without other marks along the line. Sometimes several techniques
are combined. The subject is asked to select the best health state, which presumably
would be “normal health life” and the worst state, which may be “death”. He or she is
then asked to locate the other states on the rating scale relative to each other such that
the distances between the locations are proportional to his or her preference
differences.
For measuring the utilities, the rating scale is always scaled between 0 at one end and 1
at the other end. If “death” is judged to be the worst state and placed at the 0 end of the
rating scale, the preference value for each of the other states is simply the scale value
of its placement. If “death” is not judged to be the worst health state but is placed at
some intermediate point on the scale, say d, the preference values for the other states
are given by the formula (x-d)/(1-d), where x is the scale placement of the health state.
Rating scale methods are highly familiar to most people from a variety of everyday
experiences in which they are asked to provide information on an array of experiences
using this technique. However, an empirical work has shown that people have difficulty
FP7-287811 MobiGuide

Page 12

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

directly assigning a number to feelings about health states [11] and this method does
not provide utility coefficients for QALYs calculation but only values useful for ranking
the considered health states.

3.1.2.2.

Time trade-off

The time trade-off (TTO) method was specifically developed for use in health care [20].
To elicit utility for a state i, the subject is offered two alternatives:
a) State i for a time t (life expectancy of an individual with that chronic
condition) followed by death;
b) Healthy for a time x<t followed by death.
Time x is varied until the respondent is indifferent between the two alternatives. At that
point the required preference score (utility) for state i is calculated as x/t.

3.1.2.3.

Standard Gamble

The standard gamble is the classical method for measuring cardinal preferences. It is
based on the fundamental axioms of utility theory, first presented in [21]. They are the
following:
-

Preferences exist and are transitive: for any pair of risky prospects y1 and y2
either y1 is preferred to y2, y2 is preferred to y1 or the individual is indifferent
between y1 and y2. In addition, for any three risky prospects, y1, y2 and y3, if y1
is preferred to y2, and y2 is preferred to y3, then y1 is preferred to y3; similarly, if
y1 is indifferent to y2, and y2 is indifferent to y3, then y1 is indifferent to y3.

-

Independence: an individual should be indifferent between a two-stage risky
prospect and its probabilistically equivalent one-stage counterpart derived using
the ordinary laws of probability. For example, consider two risky prospects y1
and y2, where y1 is made up of outcome x1 with probability p1 and outcome x2
with probability (1-p1), indicated symbolically as y1={p1, x1, x2} and y2={p2, x1,
x2}. This axiom implies that an individual would be indifferent between the two-
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stage risky prospect {p, y1, y2} and its probabilistically equivalent one-stage
counterpart {pp1, (1-p)p2, x1, x2}.
-

Continuity of preferences: if there are three outcomes such that x1 is preferred to
x2, which is preferred to x3, there is some probability p at which the individual is
indifferent between outcome x2 with certainty (often referred to as the "certain
equivalent") or receiving the risky prospect made up of outcome x1 with
probability p and outcome x3 with probability (1-p).

In the standard gamble approach, the subject is offered two alternatives. Alternative 1 is
a treatment with two possible outcomes: either the patient is returned to perfect health
and lives for an additional t years (probability p), or the patient dies immediately
(probability 1-p). Alternative 2 has the certain outcome of chronic state i for life (t years).
Probability p is varied until the respondent is indifferent between the two alternatives. At
this point, the required preference score for state i for t is simply p. In this case p is
measured on a utility scale where perfect health for t years is 1 and immediate death is
0.
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4. TreeAge: A tool to build decision trees
For implementing Decision Tree models, we chose to exploit the commercial suite
TreeAge (TreeAge Software Inc, www.treeage.com). Three main factors are at the
basis of this choice. First of all, this is the only tool that embeds a module completely
dedicated to health care (TreeAge Pro Healthcare). This module provides some very
useful analysis tools, such as Markov processing, comparative effectiveness and costeffectiveness analysis. Thanks to the presence of this module and to an extensive use
of these tools, UNIPV had already gained great expertise in the use of the TreeAge
suite, which has already brought to the development of other models, such as the ones
described in [5, 9, 10, 13, 14, 10]. The availability of this expertise is the second
motivation for our choice. The last reason underlying the selection of this software
package relies on the availability of the TreeAge Pro Interactive module, which allows to
create web interfaces to make the models available to remote users. This is one of the
goals of Task 2.3 of Mobiguide, as stated in the DoW.
In the next two Sections we will give some more details about TreeAge Pro and
TreeAge Pro Interactive.

4.1.

TreeAge Pro

TreeAge Pro is a sophisticated yet highly user-friendly software package that facilitates
decision making in complexity and uncertainty scenarios. TreeAge Pro provides a
systematic methodology and a framework that breaks the problem into its components,
identifying available decision options and their associated uncertainties.
Based on this methodology, TreeAge Pro allows implementing a model in the form of
either a decision tree or an influence diagram. The developed model is graphically
displayed on screen and the user can interact with it.

FP7-287811 MobiGuide

Page 15

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

Unlike other software packages, TreeAge Pro imposes no constraints on the size or
content of models, there are no built-in limitations on the number or location of
variables, nodes, decision options, chance events, etc.
Through the models developed using TreeAge Pro, it is possible to envision the
strategies that maximize the likelihood of success while minimizing unacceptable levels
of risk.
The sensitivity analysis module allows identifying those uncertainties which, in light of
the potential range of outcomes, are (or are not) critical to the decision at hand.
Sensitivity analysis is used to test the sensitivity of a proposed course of action to
changes in the projected value of one or more variables. If only a single variable is
being tested the analysis is known as a 1-way sensitivity analysis. When the analysis is
performed at a decision node, the expected value of each decision option will be plotted
as a function of the range of values assigned to the selected variable.
Analytical features include: 1-, 2- and 3-way sensitivity analyses, tornado diagrams,
threshold analysis, single and comparative probability distribution graphs, Bayes'
revision, Monte Carlo simulation and multi-attribute analysis. Markov processes and
cost-effectiveness analysis are available through the TreeAge Pro Healthcare module.
In addition to being able to display models graphically as both influence diagrams and
decision trees, TreeAge Pro offers a wealth of supporting text and graphical reports.

4.2.

TreeAge Pro Interactive

TreeAge Pro Interactive is an ActiveX/COM component (DLL) for use with Windows
tools. It allows creating and distributing powerful decision analysis applications. With
TreeAge Pro Interactive, TreeAge Pro's powerful decision analysis features can be used
to create an automated application to put sophisticated analytical tools into the hands of
health care professionals and researchers.
In more detail, TreeAge Pro Interactive allows:
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-

embedding any decision tree initially created in TreeAge Pro into an application,
in order to integrate the model with websites, databases and custom applications
and creating interactive applications around models;

-

customizing the interface to target a specific audience;

-

distributing the application through a web site or an organization's intranet;

-

enabling remote users to access the model, make changes to selected values
(such as probabilities and costs) and perform analyses, regardless of decision
analytic expertise or familiarity with TreeAge Pro.
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5. Implementation
5.1.

The decision tree for managing antithrombotic risk

A decision tree combined with Markov Models (MM) has been implemented to compare
the clinical pathways of an AF patient who may undergo to two different treatment
strategies for stroke prevention, namely warfarin (oral anticoagulant therapy) and acetyl
salicylic acid (ASA), or who takes no therapy at all.
During the Markov process, individuals move among health states according to
transition probabilities that are defined for each state. Since each state is characterised
by one or more attributes, according to the number of outcomes (i.e. a quality of life
coefficient, resource consumption, etc.), by running the model over a number of cycles,
the expected values of outcomes (i.e. QALYs, costs, etc) of the process associated with
the different strategies can be estimated.
The health states in the implemented model are:
-

AF only (i.e. relatively healthy apart from AF)

-

ischemic stroke (IS), that can be temporary, mild, moderate-severe, fatal

-

intracranial hemorrage (ICH), that also can be temporary, mild, moderate-severe,
fatal)

-

myocardial infarction

-

extracranial bleedings (minor and major)

-

combined events and

-

death.
In the model, a 3-months Markov cycle length and a lifetime horizon were

chosen. Quality-adjusted life years (QALYs), that are one of the considered outcomes,
can be discounted (e.g. at 3.5% annually) or not.
The tree has been developed and analysed by using the TreeAge Software. A
simplified representation of the Markov process is reported in Figure 1.
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Figure 1- Simplified representation of the model. Different arrow colors indicate that
there is a trade-off between decreasing the risk of stroke (risk with warfarin<risk with
ASA < risk with no-therapy) and decreasing the risk of bleeding (risks going in the
opposite way).

The patient, whose age is read from the PHR, or entered manually by the doctor, enters
the Markov process in the AF-only state. Then he can experience events such as MI,
IS, ICH, etc., according to the different transition probabilities that depend both on
treatment and on patient’s risk for stroke, calculated on the basis of CHADS2 score and
stratified into 3 levels: CHADS2=0-1, CHADS2=2 and CHADS2=3-6.
Warfarin and ASA therapies decrease the probability of IS occurrence but increase the
probability of ICH and extracranial bleedings; on the other hand, no therapy increases
the probability of experiencing an IS but decreases the occurrence of ICH and
extracranial bleedings.
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Temporary IS or ICH are events that cause only a temporary disability and let the
patient recover and go back to the AF-only state. A patient experiencing a more severe
event, as mild/moderate-severe IS or mild/moderate-severe ICH, acquires a certain
level of permanent impairment that results in quality of life worsening.
If a patient in the AF-only state is on warfarin therapy, and he experiences a
mild/moderate-severe ICH or a major extracranial bleeding, it is supposed that he/she
interrupts warfarin therapy that is replaced by ASA, to decrease the probability of
bleedings.
An AF patient that has been affected by IS or ICH has 2.6 fold higher risk of
experiencing new events in comparison with “healthy” AF patients.
In case of MI, if death occurs, it is supposed happening within 3 months from the event,
otherwise the patient recovers back to AF-only state.
Events like temporary IS, temporary ICH and extracranial bleedings (minor and major)
lead to temporary decrements in quality of life (disutilities), that have been estimated
from the literature, while the utility coefficients of the states related to the permanent
disabilities are elicited from the specific patient.

5.2.

The web interface for the decision tree

In the first year of the Mobiguide Project, we started implementing a web interface for
the decision tree model related to prevention of thromboembolic risk. In the following,
we will introduce this interface.
The DT interface can be launched from the caregiver interface when a recommendation
suggesting a shared decision is available. In Figure 2, the recommendation detail page
is shown.
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Figure 2 - The page of the recommendation for thromboembolism prevention: note in
particular the bottom part of the page with links for the decision tree exploitation.

This page reports the recommendation title, together with the class and the level of
evidence of the recommendation, the complete recommendation text and the
information related to the patient who has become eligible for the recommendation and
the advice date. In addition, where a shared decision is available, a set of buttons is
made available at the bottom of the page:
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-

Decision Tree Explanation: a button that directs to educational material about the
DT explanation, to facilitate the caregiver to explain the model to the patient;

-

Utility Coefficients Elicitation Interface: a button directing to the Utility Coefficients
Elicitation Interface (see Section 5.3 for details on this component);

-

Run Decision Tree: a button directing to the DT interface, which we will discuss
in the following of this section.

Figure 3 - The page showing information about the actual decision tree
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Figure 4 - The page presenting the values for probabilities and utilities used for the
decision tree quantification. These values, in general gathered from the literature, can be
changed by the user
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Clicking on the Run Decision Tree button, the page shown in Figure 3 appears. This is
the home page of the DT web interface. This page reports a brief introduction to
decision analysis and a description of the specific decision tree, which is the one
introduced in Section 5.1. From this page it is possible either to return to the model
explanation material or to proceed with the running of the decision tree. If this second
option is selected, the user is directed to the page shown in Figure 4.
This page lists all the variables specified in the definition of the DT model that the user
is allowed to modify if needed.
The DT manages different type of variables:
- Demographic variables (age and sex): the patient-specific values are
taken from the PHR
- Probabilities, either specified explicitly (e.g. probability of death after MI) or
through variables that can be used for probability computation (e.g. relative risks
and proportions)
- Patient's costs related to travel, meals, productivity loss, etc. (see Section
5.4 for details on the cost model).
When the page is first accessed, default values are shown. These values are taken
from the literature, as detailed in Section 5.1. The caregiver might decide to modify the
value for these parameters in different situations:
- retrieve the utility coefficients elicited through the specific interface (see
section 5.3): this can be done using the Update Values button (bottom right of the
page)
- manually editing the textboxes to change costs and/or probability values
depending on the specific case.
The page is divided into two sections: in the top part of the form, parameters whose
value depends on the specific treatment are listed (in this case we have the three
options warfarin, ASA and no therapy). In the bottom part of the form all the other
parameters, whose value is independent of the treatment, are shown.
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This page allows to proceed with several options (accessible through the buttons at the
bottom of the page): to reset to default values, to run the tree (RollBack), to run a Monte
Carlo simulation (Simulation), to perform 1-way sensitivity analysis (Sensitivity) and to
load elicited utility coefficients.

Figure 5 - Payoff selection. The graphical results will refer to this choice

To perform the RollBack analysis, the user has to select the payoff. In the current
version of the implementation, this is done in a separate page, as shown in Figure 5. Up
to now, the available options are: Life Years, QALYs and Patient's costs. At the moment
the analysis is run on all the available payoffs and the payoff selection is used for a
graphical representation of the executed tree.
Once the rollback is completed, the results page is displayed. The results are shown
both in a synthetic tabular format for all the available payoffs (see Figure 6) and with a
graphical representation of the decision tree (Figure 7), but only for the selected payoff.
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Figure 6 - The page showing the results of the decision tree: expected values of the three
payoffs (first two tables), and time spent in the different health states according to the
strategy (last table)

The top table in Figure 6 shows the expected values for the payoff selected in the
analysis (the one also represented in graphical format), while the second one shows a
summary of the expected values for all the available payoffs. Clicking on the Submit
button under the second table allows storing the analysis results. Currently, this is done
by storing a DT exploitation ID to identify a single run of the model together with the
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expected values for each payoff and for each option. In addition, for every exploitation,
information about patient, caregiver, exploitation date and decision tree used (in the
case many are available) are stored. The third table reports, for each decision option,
the time spent in each health state according to the Markov model. This is particularly
useful to understand the results obtained when considering Life Years and QALYs as
payoff. For example, in Figure 6 the analysis for ASA resulted in a huge difference
between the expected life years (22 years and 1 month) and the QALYs (15 years and
10 months). To understand this difference, it is worth considering the information
reported in the Markov state table: the expected value for life years is given by the sum
of the time spent in each Markov state for ASA, while the QALYs value is given by the
sum of the time spent in each state weighted by the corresponding specific utility
coefficient. The result obtained for the QALYs payoff reflects the fact that different time
intervals are spent in the various health states for the different treatment strategies.
The solution presented by the model represents in any case only just a suggestion for
the physician and the patient, who will then take the final decision (that might potentially
be different from the suggestion). Such decision will then be recorded in the Mobiguide
System via the Caregiver Interface (this component is described in D5.1). For example,
Figure 6 shows that the solution optimizing the QALYs is to prescribe Warfarin (QALYs
= 16 years). If the caregiver, together with the patient, decides to follow this suggestion,
to complete the decision process, he will go to the therapy management page in the
Caregiver Interface and prescribe a suitable dosage.
Figure 7a presents a synthetic view of the decision tree, showing the three decision
options, all leading to a Markov node implementing the model described in Figure 1. We
have expanded the ASA branch to show the starting of the Markov model: after a
Markov node, all the possible states must be displayed (here we show only a subset
just for simplicity), with their initial probabilities. In our case a patient starts the process
in the AF-only state (probability=1). Then, all the transitions from a state to another one
must be represented.
Figure 7b shows a snapshot of the decision tree after execution with TreeAgePro. At the
decision node the best result in terms of the selected payoff (in this example QALYs) is
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shown. The best option (the one leading to the best result) is highlighted by a coloured
branch (in our example Warfarin).
Given the high complexity of the model, the graphical representation is not very easy to
understand and to navigate. For these reasons, we are considering the possibility of
removing it from the results page, leaving only the tabular representation and a link to a
downloadable version of the graph.
When selecting the Sensitivity option, a page to select the variable on which to perform
the analysis is displayed. It is possible to select any variable, including utilities and
costs. When the variable is selected, the user must edit some analysis settings (Figure
8). The form reported shows: the name of the variable selected for the 1-way sensitivity
analysis, the range of variation of the variable (Low and High fields), the number of
intervals of discretization of the variable range and the target payoff. The values shown
when the page is opened are the default values of the tree and, when the user updates
them, a control is present to check the validity of the modified values. Clicking on the
button at the bottom of the page the sensitivity analysis is launched, and, when it is
completed, the page on Figure 9 is displayed. First, a summary of the most relevant
results is provided. In the following of the page, the results are presented both in a
graphical and in a tabular way. The graphical representation presents a plot of the
behavior of the payoff for the available decision options as a function of the values of
the variable chosen for the analysis. Such variable is discretized into the selected
number of intervals, that are also visualized on the plot. The tabular output presents the
same information synthesized in a table. The sensitivity analysis is useful to determine
whether there is a threshold value for the variable that causes the inversion of the
result: in Figure 9 we can see that, for values of the relative risk for major bleedings less
than 0.33, the best option becomes ASA instead of Warfarin. The current version of the
implementation includes only univariate sensitivity analysis. In the following releases we
will introduce also multivariate analysis.
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Figure 7 – (a) A simplified view of the decision tree. (b) A portion of the decision tree as
represented by the tool TreeAge Pro after execution.
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Figure 8 - The interface for performing sensitivity analysis
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Figure 9 - The results of the sensitivity analysis, allowing to test the robustness
of the decision tree results.

Besides sensitivity analysis, the interface gives also the possibility of running a Monte
Carlo simulation (Figure 10). With this analysis, it is possible to study the probability
distribution of a selected payoff for a specific decision option, derived from a set of
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random trials. This is shown by a histogram and a table with the summary statistics for
the distribution.

Figure 10 - The results of the Monte Carlo simulation, allowing to check the distribution
of the expected payoffs
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4.3 The web interface for utility coefficient elicitation.
As stated in Section 5.2, when a recommendation suggesting a shared decision is
available, the Utility Coefficients Elicitation Interface button is shown (see Figure 2) that
links to the Utility Coefficients Elicitation Interface. The page displayed is the one shown
in Figure 11. The page is specific for the selected patient and the decision model
involved in the recommendation. When this page is first accessed, no existing
evaluation is available, and a table is displayed providing a link to the specific evaluation
for each combination of health state and elicitation method.

Figure 11 - The page for eliciting patient’s values for the health states characterizing the
actual decision tree

In the case some elicitation has already been performed, a page as the one depicted in
Figure 12 is displayed. It is divided into three parts:
-

Utility coefficients already calculated: this is a table presenting for each

heath state and method, the value of the calculated utility coefficient and the date
FP7-287811 MobiGuide

Page 33

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

of the evaluation. The date is colored in red if it is antecedent to the actual date.
For each row, it is either possible to elicit a new value for the coefficient or
keeping the old value as the present evaluation (in this case the evaluation date
is updated with the current date and it is colored in green).
-

The average list: as different methods for elicitation are available, the

interface provides a form for calculating the average of such values (the decision
tree allows imputing only one coefficient per health state). In this section we can
see the available calculated average, the date when this value was calculated,
the manually adjusted value and the motivation for the adjustment and a button
linking to the form for a new average calculation.
-

Health condition/method pairs still to be evaluated.

Figure 12 - Health states values can be elicited with different methods, and then an
average value can be calculated
FP7-287811 MobiGuide

Page 34

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

5.2.1. Rating Scale
In case of rating scale method selection the page shown in Figure 13 is displayed. The
top part of the page is the same for each method and it is characterized by a brief
description of the selected health state (in this case severe consequences of stroke), a
picture, linked to a PDF document containing educational materials, and a link to an
explanatory video. All this material is useful for the caregiver to better explain to the
patient the different health states.
Once the caregiver has determined that the patient has well understood the selected
health state, it is possible to proceed with the proper elicitation.
In the case of the rating scale, both a visual scale with 6 smileys and a scale of
numbers (ranging from 0 to 100) are displayed. Initially, the value of the bar is set to 50,
indicating a state considered exactly in the middle between the perfect and the worst
state (death). The caregiver, after discussion with the patient, will position the bar at the
most appropriate value.
We are also evaluating other options to present the rating scale method, based on the
fact that If DEATH is 0, then many of the relevant options might be close to each other
within the upper interval. That makes it very difficult to assign any meaningful values to
them. One example of solution presented in the literature is the one proposed by the
PANDEX system [15], which first finds the value of the worst non-death outcome, fixing
it to be the 0, and then "stretches" the scale accordingly.
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Figure 13 - The interface for the rating scale method

Once the value (e.g. 80) has been confirmed, it is used for rating the health state with
respect to the other states considered in the tree, and the page shown in Figure 14 is
displayed.
This page, which is the same for any of the elicitation methods, shows a table listing
both patient information (name, surname, age, sex, etc) and encounter information
(selected tree, heatlh state, method and utility coefficient calculated). These information
are stored in the PHR in order to be used by the DT web interface for running the tree
model (from the specific button in the page in Figure 14).
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Figure 14 - Summary page showing the elicited coefficient for the health state “severe
consequences of stroke” in the specific patient

5.2.2. Time trade-off
Choosing the time trade-off method the page in Figure 15 is shown. The top of the page
is similar to the one described for the rating scale method.
Below the health state description, the patient’s life expectancy in years and months is
displayed. Since this interface will be run at FSM Hospital in Italy, this value is
calculated according to the Italian population statistic. As well, the Spanish statistics will
be used for the application concerning pregnancy complications.
When the page is first displayed, the bar will is colored in green, and its value is set to
the expected life. With this method, the patient will indicate how many years he would
be willing to give up for living in perfect health. Based on the indicated value, it is
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possible to have an index of how much the selected health state is considered severe
by the patient.
When the caregiver moves the bar, four textboxes are automatically filled: the first two
(in blue) being the years and months to live in perfect health, while the other two (in red)
represent the years and months to give up. In the case of Figure 15, the life expectancy
is 35 years and 4 months, and the choice of the patient is to give up 4 months.

Figure 15 - Interface for the time trade-off method for utility elicitation

Once the value is confirmed, the utility coefficient is calculated as described in Section
3.1.2.2 and stored for future usage through the page shown in Figure 14.

5.2.3. Standard Gamble
If the caregiver decides to elicit coefficients using the standard gamble strategy, he is
directed to a page with the layout shown in Figure 16. This page is divided into two
panels:
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-

on the left hand side there is the question the caregiver asks to the

patient. It is related to the risk of death a patient would be available to take in the
case there existed a surgical intervention able to make him living in perfect health
thereafter;
-

the panel on the right hand side provides a table of 35x35 smileys useful

to graphically give an idea of such a surgical risk. The choice of using this kind of
graphical representation was also motivated by the results reported by [8].
When the elicitation starts, the textbox containing the risk percentage is set to 0.0% and
all the smileys are yellow. The caregiver starts by indicating a percentage of risk to the
patient and asking whether he would be willing to accept it (in the case of Figure 16 this
value is 2%). To help the patient understanding the meaning of the risk he is asked to
evaluate, a random set of smileys corresponding to this percentage is turned into red.
According to the answer of the patient, the system increases/decreases the proposed
risk value until the patient states he is unsure on what he would do in the presence of a
certain value of the risk. This specific value is then used to calculate the utility
coefficient as described in Section 3.1.2.3 and store it for future usage through the page
shown in Figure 14.
In this case we have choosen to increase/decrease the risk percentage starting from a
value selected by the caregiver. Another option might be to ask questions to the
patients using a "ping-pong" method ("Is the value more than 90? Is it less than 10?").
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Figure 16 - A matrix-like picture to help a patient understanding the risk concept

5.3.

The cost model

Among the payoffs, the implemented decision model includes also the costs. These are
the so-called out-of-pocket costs related to the patient and to the economic impact a
specific decision option has on his activities.
For the current implementation of the model, we have considered three categories of
costs:
1. Costs related to the visits the patient has to undergo during his treatment;
2. Costs related to domiciliary care the patient may be in need of;
3. Home adaptation costs.
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5.3.1. Follow-up Visits Costs
As regards follow-up visits costs, we have considered those visits specifically related to
AF, namely visits for INR control, cardiological visits and ECGs.

As the currently

implemented model will be run at FSM Hospital that is located in Lombardy (Italy), and
the Italian national health care service (SSN) is based on a regional management, costs
values were taken from the regional price list for Lombardy. In particular, the visit for
INR control has a cost calculated as the sum of the cost for the INR test and the cost of
the visit for oral anticoagulant therapy assessment that is always performed in
conjunction. The value for the costs of the considered visits depends on the position of
the patient with respect to the national healthcare service, as some patients can have
the visits costs totally covered by SSN. In the case the model will be used outside Italy
or other decision models will be implemented, cost values will have to be adapted to the
specific cases.
Besides the specific costs of the visits, we also took into account non-healthcare
resources that are:
-

the cost of the travel to the center where the visit is performed: this is a patient-

specific value that depends on the distance the patient has to travel, the
transportation, etc.;
-

the cost of the meals that the patient might have to pay for during the visit day

(for example INR checks last from the morning to the afternoon);
-

patient’s productivity loss, in case the patient is self-employed;

-

the cost related to an assistant possibly needed by the patient to reach the visit

location: the model takes into account the cost for his/her travel and meals. In
addition, it is possible to quantify the assistant's time in terms of productivity loss or
salary.
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5.3.2. Domiciliary Care and Home Adaptation Costs
The inclusion of the category of the costs related to domiciliary care is based on the fact
that, after a mild/moderate-severe stroke/ICH, the patient needs domiciliary assistance.
This is quantified by the salary given to the assistant in the case he/she is a
professional employed by the patient. In case the assistant is a member of the patient's
family, the cost is quantified in terms of productivity loss.
Assistance to the patient after a mild/moderate-severe stroke/ICH is not only the one
provided by a home caregiver, but may also imply some home adaptation to manage
the impairments the patients may suffer from after the event. These costs are assessed
based on the results presented in [6]. This paper presents an analysis of the overall
social costs of stroke in Italy, in terms of direct costs and productivity losses. Particular
attention is devoted to the identification of non-healthcare actual resources consumed
by the patient, including home adaptation costs.

FP7-287811 MobiGuide

Page 42

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

6.

Discussion

In this deliverable we described the tools used for developing the interaction between
two types of users (patients and caregivers) and decision models.
We motivated our decision to use a commercial product, namely TreeAge Pro together
with TreeAge Pro Interactive, to develop and publish decision trees. In addition to the
technical and background-based motivations described in this document, we want to
stress out that, avoiding to develop a tool from scratch, allowed us to put more efforts in
the tree modeling activity. As a matter of fact, building a decision tree involves acquiring
a big amount of knowledge from both the literature and medical experts, which is a very
time-consuming, conceptual task.
During this first year, just one tree has been developed, concerning the prevention of
thromboembolism in Atrial Fibrillation (AF) patients. As regards the AF domain, in the
next years we plan both to build additional trees (one for the ablation treatment choice
and one for choosing the treatment after several cardioversion failures) and to update
the already developed tree. This last work will be necessary because it is very likely that
a new drug (Dabigatran, known as a “NOAC” or NewAnticoagulant) will enter the Italian
market. This drug will in some cases replace Warfarin and the main difference is that it
does not require the frequent INR measurements that Warfarin does [1,3,12,16]. As a
consequence, a new branch in the tree will be introduced. As regards the Gestational
Diabetes and Hypertension domain, we will support the CSPT team in investigating the
presence of situations where it might be useful to apply the shared decision model
framework (e.g. for insulin schedule for type 2 Diabetes). In that case, the specific
decision tree model will be implemented.
Another limitation of the work done so far is related to the values elicited through the
rating scale method. Since in fact they are not suitable to be used for QALY calculation,
but only to obtain from the patients their relative, subjective ranking, the interface will be
slightly changed, allowing the patient to put all the tree states in the same visual-analog
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scale. The values will then be used to check for coherence of the utility coefficients
elicited with the SG and TTO methods.
Eventually, there is an issue related to the validation of the interface. It has been shown
to medical partners of MobiGuide in Pavia. They suggested some modifications in the
terminology used. Then, the interface underwent a careful, but only internal evaluation,
i.e. it has not been tested by users different from the system developers. Therefore, a
test phase with physicians and patients is needed in the next year.
Often, the result of the “shared decision” module will be the decision to follow some
protocol or ancillary guideline. For example, if the decision is to use warfarin, the patient
should be educated to correctly follow the oral anticoagulant therapy. The administration
of this therapy is handled by the Mobiguide Guideline Application Engine (part of WP5)
through a patient-specific recommendations set. The system will then proceed to
provide these recommendations, in a context-sensitive manner, to the patient. This
process can be followed recursively whenever, within this administration protocol, there
is a decision that involves the patient.
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7. Conclusion
The work done within this work package task has been exploited during the “Hello
Tallinn” demonstration of the MobiGuide work-in-progress, held on September 4th -9th.
In this way, we had the chance to test the connection functionality with the other
components of the MobiGuide architecture. The demonstration was satisfactory, and
was a source of useful discussion.

FP7-287811 MobiGuide

Page 45

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

8. References
[1] Connolly SJ, Ezekowitz MD et al. Dabigatran versus Warfarin in Patients with Atrial
Fibrillation. NEJM. 2009 Sept 17; 361(12):1139-1151.
[2] Detwarasiti A; Shachter RD. Influence diagrams for team decision analysis. Decision
Analysis. 2005 Dec; 2 (4): 207–228.
[3] Freeman JV, Zhu RP, Owens DK, Garber AM, Hutton DW, Go AS, Wang PJ,
Turakhia MP. Cost-Effectiveness of Dabigatran Compared With Warfarin for Stroke
Prevention in Atrial Fibrillation. Ann Intern Med. 2011; 154:1-11.
[4] Fryback DG, Dasbach EJ, Klein R, Klein BE, Dorn N, Peterson K, Martin PA. The
Beaver Dam Health Outcomes Study: initial catalog of health-state quality factors. Med
Decis Making. 1993 Apr-Jun;13(2):89-102.
[5] Gerzeli S, Rognoni C, Quaglini S, Cavallo MC, Cremonesi G, Papi A. Costeffectiveness and cost-utility of beclomethasone/formoterol versus fluticasone
propionate/salmeterol in patients with moderate to severe asthma. Clin Drug Investig.
2012 Apr 1;32(4):253-65.
[6] Gerzeli S, Tarricone R, Zolo P, Colangelo I, Busca MR, Gandolfo C. The economic
burden of stroke in Italy. The EcLIPSE Study: Economic Longitudinal Incidence-based
Project for Stroke Evaluation. Neurol Sci. 2005 Jun;26(2):72-80.
[7] Keeney RL, Raiffa H. Decisions with Multiple Objectives: Preferences and Value
Trade-Offs, Cambridge University Press; 1993.
[8] Lenert LA, Soetikno RM. Automated computer interviews to elicit utilities: potential
applications in the treatment of deep venous thrombosis. J Am Med Inform Assoc. 1997
Jan-Feb;4(1):49-56.
[9] Liberato NL, Quaglini S, Barosi G. Cost-effectiveness of interferon alfa in chronic
myelogenous leukemia. J Clin Oncol. 1997 Jul;15(7):2673-82.
[10] Liberato NL, Rognoni C, Rubrichi S, Quaglini S, Marchetti M, Gorlia T, Licitra L,
Vermorken JB. Adding docetaxel to cisplatin and fluorouracil in patients with
unresectable head and neck cancer: a cost-utility analysis. Ann Oncol. 2012
Jul;23(7):1825-32.
[11] Patrick DL, Starks HE, Cain KC, Uhlmann RF, Pearlman RA. Measuring
preferences for health states worse than death. Med Decis Making. 1994; 14:9-18.

FP7-287811 MobiGuide

Page 46

Deliverable 2.1

Deliverable 2.1: Decision Model Framework

[12] Pink J, Lane S, Pirmohamed M, Hughes DA. Dabigatran etexilate versus warfarin in
management of non-valvular atrial fibrillation in UK context: quantitative benefit-harm
and economic analyses. BMJ. 2011 Oct 31;343:d6333.
[13] Quaglini S, Rognoni C, Spazzolini C, Priori SG, Mannarino S, Schwartz PJ. Costeffectiveness of neonatal ECG screening for the long QT syndrome. Eur Heart J. 2006
Aug;27(15):1824-32.
[14] Rognoni C. Economic evaluation of neonatal screening for Long QT-Syndrome: a
decision analysis approach. PhD Dissertation; 2006.
[15] Segal I, Shahar Y. A distributed system for support and explanation of shared
decision-making in the prenatal testing domain. J Biomed Inform. 2009 Apr;42(2):27286.
[16] Shah SV, Gage BF. Cost-Effectiveness of Dabigatran for Stroke Prophylaxis in
Atrial Fibrillation. Circulation. 2011; 123:2562-2570.
[17] Shortliffe EH, Cimino JJ. Biomedical Informatics. Springer; 2006.
[18] Soares MO. Is the QALY blind, deaf and dumb to equity? NICE's considerations
over equity. Br Med Bull. 2012;101:17-31
[19] Sonnenberg FA, Beck JR. Markov models in medical decision making: a practical
guide. Med Decis Making. 1993 Oct-Dec;13(4):322-38.
[20] Torrance GW, Thomas WH, Sackett DL. A utility maximization model for evaluation
of health care programs. Health Services Res. 1972; 7:118-133.
[21] Von Neumann J, Morgenstern O. Theory of Games and Economic behavior,
Princeton University Press; 1944.
[22] Weinstein MC, Fineberg HV. Clinical decision analysis. Saunders; 1980

FP7-287811 MobiGuide

Page 47

Deliverable 2.1

