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The Problem

A patient must choose among alternative courses of action, including

a treatment,

a physician to administer it,

a medical facility in which the treatment is to be administered.
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The Considerations

The alternatives might be complex, involving assessment of:

risks and values

�nancial consequences

lifestyle and family considerations

These are di¢ cult to assess as wholes. Instead

Identify the di¤erent components

Evaluate the separately

Aggregate these evaluations to generate a decision criterion.
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The Inputs

The doctor�s input

specifying the alternative treatments

describing the possible medical outcomes

providing an assessment of the risks associated with each treatment,
facility and physician.

The patient�s input

His personal valuation of the potential medical outcomes

His �nancial and other concerns, such as it impact on his lifestyle and
family.
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The Approach

Normative but not paternalistic

Normative - The presumption is that the patient would like his
decision to be governed by the principles (axioms) of expected utility
theory, which we take as normatively compelling.

Non-paternalistic - the recommended course of action maximizes
the patient�s expected utility, but is silent on what this utility should
be. The patient is the ultimate arbiter of his own well-being.
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The Model

c - a vector of the patient�s characteristics (medical history, age,
gender, race, etc.)

a - action (treatment, doctor, medical facility)

< � preference relation on the set of actions is represented by

(a, c) 7! λ (a) ∑
ω2Ω

U (f (ω; a, c) ,ω) p (ω j a, c) + v (a) .

U - utility function;

ω 2 Ω - post-treatment health state

f (ω; a, c) - �nancial consequence associated with state ω conditional
on the patient�s characteristics and the action;

p (� j a, c) - the probability distribution on Ω conditional on the
action and the patient�s personal characteristics;

λ and v - �utility cost,� (e.g., the pain or discomfort) associated with
actions.
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Implementation: Elicitation of patients�risk attitudes

A compromise between rigor and parsimony

One-parameter expo-power utility function of the form,

U (x ,ω) = �e
�xr (ω)
r (ω)

x - the patient�s wealth

For r (ω) 2 (0, 1], U (�,ω) displays decreasing absolute and
increasing relative risk aversion.
To determine the risk attitudes we elicit their risk premium, π (x ,ω) ,
of small risks

r (ω) is the solution to the equations

π (x ,ω) =
h
x r (ω) + 1� r (ω)

i σ2eε
2
,ω 2 Ω.
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Implementation: Alignment of the utility functions

Two outcomes, continued pregnancy, ω0, and involuntary abortion,
ω1

Fix y > x , and let b (ω0) and d (ω0) be the solution to the equations

b (ω0)

�
�e

�y r (ω0 )
r (ω0 )

�
+d (ω0) = 1 and b (ω0)

�
�e

�xr (ω0 )
r (ω0 )

�
+d (ω0) = 0.

Let x (ω1) and y (ω1) be de�ned by (x (ω1) ,ω1) � (x ,ω0) and
(y (ω1) ,ω1) � (y ,ω0).
Given x (ω1) and y (ω1) , let b (ω1) and a (ω1) be the solution to
the equations

b (ω1)

"
�e

�y (ω1 )r (ω1 )
r (ω1 )

#
+d (ω1) = 1 and b (ω1)

"
�e

�x (ω1 )r (ω1 )
r (ω1 )

#
+d (ω1) = 0.

Combining these results we ascribe to the patient the utility functions

U (x ,ω) := b (ω)
�
�e

�xr (ω)
r (ω)

�
+ d (ω) ,ω 2 Ω.
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Two outcomes, continued pregnancy, ω0, and involuntary abortion,
ω1

Fix y > x , and let b (ω0) and d (ω0) be the solution to the equations

b (ω0)

�
�e

�y r (ω0 )
r (ω0 )

�
+d (ω0) = 1 and b (ω0)

�
�e

�xr (ω0 )
r (ω0 )

�
+d (ω0) = 0.
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#
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"
�e

�x (ω1 )r (ω1 )
r (ω1 )

#
+d (ω1) = 0.

Combining these results we ascribe to the patient the utility functions

U (x ,ω) := b (ω)
�
�e

�xr (ω)
r (ω)

�
+ d (ω) ,ω 2 Ω.
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Implementation: Calibration of utility across actions

The choice is between having the genetic test administered by expert
physician, a1, versus average physician, a0.

Assume that λ (a1) = λ (a0) and v (a1) = v (a0).

ϕ (a) , a 2 fa0, a1g - the �nancial cost of the test performed by
physician of type a.

Patients�preferences are represented by expected utility functional"
b (ω0)

 
�e

�(x�ϕ(a))r (ω0 )

r (ω0 )

!
+ d (ω0)

#
p (ω0 j a, c) +"

b (ω1)

 
�e

�(x�ϕ(a))r (ω1 )

r (ω1 )

!
+ d (ω1)

#
p (ω1 j a, c) ,
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Risk Assessment and Physicians�Costs

The woman must choose between an expert and an average physician.

The average physician is less expensive, but has a higher probability
of fetus loss.
We use the data of the �Israeli Medical Management Co.�
The average physician�s probabilities of fetus loss are 1% following
CVS and 0.5% following amnio.
We assume that the corresponding probabilities if the procedures are
performed by a expert physicians are twice as good as those of
average physicians.
The cost of performing the tests by expert and average physicians
re�ect the prices in Israel in 2010.
The cost of CVS performed by expert physician is 4500 NIS and of
amniocentesis is 3500 NIS .
Both procedures performed by average physicians in a facility of one
of the HMOs is fully covered.
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Utility Elicitation: I

Subjects were presnted with the risk of winning or losing 1% of the
value of their assets with equal probability.

The relative risk premia, π (x ,ω) , were obtained by asking the
subjects to state the maximal proportion of their wealth they were
willing to pay to avoid this proportional, given the test outcome, ω.

To align the outcome-dependent utility functions we used the
solutions r (ω) , ω 2 Ω, to calculate the coe¢ cients of the utility
functions.
Subjects were confronted with the hypothetical scenario according to
which they won 1, 000, 000 NIS and, as a result, their wealth increase
from x to y = x + 1, 000, 000.
We �xed u (x ,ω0) = 0 and u (y ,ω0) = 1 and solved for

b (ω0) =
1

�e
�x1 (ω0 )r (ω0 )

r (ω0 ) + e
�x0 (ω0 )r (ω0 )

r (ω0 )

, d (ω0) =
e
�x0 (ω0 )r (ω0 )
r (x1 ,ω0 )

�e
�x1 (ω0 )r (ω0 )

r (ω0 ) + e
�x0 (ω0 )r (ω0 )

r (ω0 )
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Utility Elicitation: II

We elicited x (ω1) and y (ω1) by δ(x (ω1),ω1) � δ(x ,ω0) and
δ(y (ω1),ω1) � δ(y ,ω0)

We solved the equations:

pj (ω0) u (y ,ω0) + pj (ω1) u (y ,ω1) = u (y (ω1) ,ω0)

pj (ω0) u (x ,ω0) + pj (ω1) u (x ,ω1) = u (x (ω1) ,ω0) ,

where j 2 fCVS ,Ag.
We obtain

b (ω1) =

1
pj (ω1)

"
b (ω0)

 
�e

�y (ω1 )r (y1 ,ω0 )
r (ω0 )

!
� pj (ω0)

#

�e
�y r (ω1 )
r (ω1 ) + e

�xr (ω1 )
r (ω1 )

and

d (ω1) =
1

pj (ω1)

"
b (ω0)

 
�e

�y (ω0 )r (ω0 )
r (ω0 )

!
+ d (ω0)

#
+b (ω1) e

�xr (ω1 )
r (ω1 ) .
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Results: I

A total of 176 women started to �ll in the online questionnaire, 94 of
which responded to the CVS questionnaire and 82 responded to the
amniocentesis questionnaire.

Seventy women (74%) completed the mandatory questions in the
CVS study and 40 women (49%) completed the amniocentesis
questionnaire.
Responses were quali�ed as unreasonable given the model include
(a) lower willingness to pay extra for testing that involve no risk of
fetus loss when the responder is richer than when she is poorer,
(b) willingness to pay to avoid �nancial risk equal to the largest
possible loss associated with that risk.
Non of the participants in either study were unreasonable according
to (a) and only 9% of the respondents in the CVS study and 3% of
the participants in the amniocentesis study were quali�ed as
unreasonable according to (b).
Thus, broadly speaking, the participants in the study seem able to
give useful answers.
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Results: II

Further examination of the responses indicate the following general
features

Most women (70% in the CVS study and 76% in the amniocentesis
study) display the same risk attitude in the two outcome (that is,
π (x ,ω0) = π (x ,ω1)). Thus, for the great majority, the risk
attitudes are outcome-independent.
Among the women that display outcome-dependent risk attitude
(30% in the CVS study and 24% in the amniocentesis study) 18% of
the women in the CVS study exhibit higher degree of risk aversion in
the state of continued pregnancy (that is, π (x ,ω0) > π (x ,ω1)) and
12% exhibit higher degree of risk aversion in the state of fetus loss
(that is, π (x ,ω0) < π (x ,ω1)).
In the amniocentesis study12% of the women participating exhibit
higher degree of risk aversion in the state of continued pregnancy and
12% exhibit higher degree of risk aversion in the state of fetus loss.
Thus, the outcomes do not seem to bias the risk attitudes in a
systematic manner.
Examination of attitude towards risk show that 79% of the
participants in the CVS study and 76% of the participants in the
amniocentesis study display risk averse attitudes.
The values of the parameters r (ω) that determined the risk attitudes
exhibit no systematic pattern that can be explained by demographic
or medical characteristics of the subjects participating in this study.
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Case study I

This patient�s initial wealth is: x = 1, 500, 000 NIS

He was asked to imagine winning I million NIS , so that
y = 2, 500, 000

r (ω0) = 0.32, r (ω1) = 0.21

This patient utility function is depicted in the below.
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Average Average Expert
Free 570 NIS (In both cases)

pCVS (ω1) = 0.5% 3, 186 NIS 3, 671 NIS Average
pCVS (ω1) = 0.25% 4, 636 NIS 4, 500 NIS Expert
pCVS (ω1) = 0.1% 5, 646 NIS 4, 500 NIS Expert
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Case study II

This patient�s initial wealth is: x = 3, 000, 000 NIS

He was asked to imagine winning I million NIS , so that
y = 4, 000, 000

r (ω0) = 0.27, r (ω1) = 0.25

This patient utility function is depicted the below.
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Average Average Expert
Free 570 NIS (In both cases)

pCVS (ω1) = 0.5% 750 NIS 1, 316 NIS Average
pCVS (ω1) = 0.25% 1, 125 NIS 1, 689 NIS Average
pCVS (ω1) = 0.1% 1, 350 NIS 1, 913 NIS Average
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