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Abstract

Current models of healthcare quality recommend that patient management decisions be evidence-
based and patient-centered. Evidence-based decisions require a thorough understanding of current
information regarding the natural history of disease and the anticipated outcomes of different
management options. Patient-centered decisions incorporate patient preferences, values, and
unique personal circumstances into the decision making process and actively involve both patients
along with health care providers as much as possible. Fundamentally, therefore, evidence-based,
patient-centered decisions are multi-dimensional and typically involve multiple decision makers.

Advances in the decision sciences have led to the development of a number of multiple criteria
decision making methods. These multi-criteria methods are designed to help people make better
choices when faced with complex decisions involving several dimensions. They are especially
helpful when there is a need to combine “hard data” with subjective preferences, to make trade-
offs between desired outcomes, and to involve multiple decision makers. Evidence-based, patient-
centered clinical decision making has all of these characteristics. This close match suggests that
clinical decision support systems based on multi-criteria decision making techniques have the
potential to enable patients and providers to carry out the tasks required to implement evidence-
based, patient-centered care effectively and efficiently in clinical settings.

The goal of this paper is to give readers a general introduction to the range of multi-criteria
methods available and show how they could be used to support clinical decision-making. Methods
discussed include the balance sheet, the even swap method, ordinal ranking methods, direct
weighting methods, multi-attribute decision analysis, and the analytic hierarchy process (AHP)

Introduction

Imagine you are a health care provider seeing Mrs. Gray, a married, 50 year old mother of
three who owns a small art supply store. You are meeting to discuss treatment of a newly
diagnosed, as yet untreated chronic disease that is causing symptoms severe enough to force
her to reduce the time she spends at her shop. You are both aware that the disease is likely to
progress and more severely interfere with her ability to manage her business, as well as her
other daily activities, in the future. You both agree that some form of active treatment should
be started.
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Fortunately, several treatment options are available. Drug A has been used for many years. It
effectively alleviates symptoms, halts disease progression in two-thirds of patients, and is
very well tolerated. Two newer drugs, B, and B,, are also available. They are slightly less
effective than Drug A in relieving symptoms but more effective in halting disease
progression. Both drugs can cause a rare but serious side effect. Finally, there is a newly
released drug, Drug C, which is reported to both alleviate symptoms and halt disease
progression more effectively than any of the other available medications. However, it has
higher risks of both serious and common side effects, and, because it is a new medication,
could also potentially cause additional, currently unknown, adverse effects. Mrs. Gray's
monthly out-of-pocket expense for Drug A would be relatively low. Her costs for the B
drugs would be three to six times higher. Drug C will cost her 10 times more. Which
medication should you prescribe?

Current models of healthcare quality recommend that this decision be evidence-based and
patient-centered. [1-2] Evidence-based decisions are based on a thorough understanding of
current information regarding the natural history of the disease and the anticipated outcomes
of alternative courses of management. Patient-centered decisions actively involve patients as
much as possible and incorporate patient preferences, values, and their unique circumstances
in the decision-making process.

In many contemporary clinical settings, however, you and Mrs. Gray would find it difficult
to make this decision in a patient-centered, evidence-based manner. Specific information
about the range of outcomes she is likely to experience after starting any of the medications
will probably be hard to find. [3] Even if it is available, your busy practice schedule will
severely limit the time you and Mrs. Gray have to review the advantages and disadvantages
of the different drugs and make the trade-offs needed to select which one to use. In addition
to these practical concerns, you and Mrs. Gray might find it difficult to make a truly good
decision. When an ideal solution is not available, it is always unsettling to make trade-offs
between the advantages and disadvantages of several imperfect alternatives. It is even more
disconcerting when the actual outcomes that will follow any decision are uncertain. Finally,
there is no common language you can use to accurately and easily discuss your decision-
related preferences with each other.

Many common clinical decisions involve similarly complex choices. These difficulties in
making evidence-based, patient centered decisions in busy clinical settings are well
recognized. One of the proposed solutions is the development and implementation of new
clinical decision support systems. [1,4-5] To be successful, they will have to help clinicians,
patients, and other involved stakeholders make better choices when faced with complex
decisions that involve trade-offs between the pros and cons of imperfect options, a mix of
objective data and subjective judgments, and uncertain future outcomes.

Decisions with these characteristics are not unique to health care; they commonly occur in
many areas of human endeavor. To help people make better choices when faced with such a
decision, a number of multi-criteria decision making methods have been developed. [6-7]
Multi-criteria methods are a type of decision analysis specifically designed for use in
situations where it is important to transparently incorporate multiple considerations into a
decision making process. Their main goal is to help decision makers make better choices by
helping them achieve greater understanding and insight into the decision they are facing.

Interest in multi-criteria decision making methods has been growing rapidly. Between 2000
and 2006, the number of publications about multi-criteria decision making grew
exponentially from just over 1,500 to nearly 6,500. The leading application areas over this
time have been management science, operations research, computer science, environmental
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science, engineering, economics, energy, and water sources. [8] Although small in
comparison to other areas, there has also been a growing interest in the use of multi-criteria
methods in healthcare decision making. [9-13]

Because multi-criteria methods are designed to support decision making in complex
circumstances identical to those posed by many common patient management decisions,
they represent a potentially useful foundation on which to build new clinical decision
support systems to facilitate the provision of evidence-based, patient-centered care. The goal
of this paper is to introduce readers to a sample of multi-criteria methods and illustrate how
they could be used to support clinical decision making.

Multi-criteria decision making methods

For this paper, | will broadly define a multi-criteria decision method as one that guides the
user through an evaluation of potential decision options using explicit profiles of their
advantages and disadvantages across a range of distinct dimensions. This process of
breaking a decision down into smaller units for analysis is called decomposition. Several
terms are used for these dimensions depending on the perspective taken. If based on the
options, they are called attributes or characteristics. If based on the goal of the decision they
are called objectives or criteria. To be consistent with the term most commonly used to
describe the field as a whole, | will use the term criteria in this paper. A glossary of these
and other terms used to describe and implement multi-criteria decision making methods is
included in Appendix 1.

Multi-criteria methods can be categorized in several ways. When classified based on how
the decision criteria are used, methods can be either compensatory or non-compensatory.
Compensatory methods incorporate information from all the decision criteria whereas non-
compensatory methods do not. Examples of both types are illustrated below.

Multi-criteria methods can also be described based on the analytic strategy used. Value-
based approaches develop quantitative measures of how well the options fulfill the criteria
and the relative priorities of the criteria in achieving the goal of the decision. These
measures can be created in a variety of ways which accounts for most of the differences
among the methaods included in this category. Value-based methods are the most widely
used type of multi-criteria method and most of the methods discussed here are in this
category. Other strategy-based categories include the even swap method, outranking
methods, and goal-based methods. The even swap method is discussed below. Detailed
descriptions of the other methods are beyond the scope of this paper and can be found in
recent reviews. [6-7]

Conjoint analysis, also called discrete choice analysis, is another method that is frequently
used to address multi-criteria decision problems. Conjoint analysis derives preference
weights for the attributes of decision options based on a series of choices people make
between hypothetical alternatives that contain different combinations of attribute levels. A
fundamental difference between conjoint analysis and multi-criteria methods is how the
preference scores are derived. Conjoint analysis uses an indirect approach; multi-criteria
methods take a direct approach. Conjoint analysis is not usually considered a multi-criteria
method and will not be discussed further. Several recent papers discussing the use of
conjoint analysis in healthcare decision making are available. [14-18]

Balance sheets

Balance sheet overview—The most basic multi-criteria decision making method is a
balance sheet, a table that summarizes information about the alternatives categorized into a
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set of mutually exclusive dimensions. Decision support cards and dashboards are closely
related methods that present the same information using separate displays for each
dimension rather than a single combined table. [19-21]

Table | shows a balance sheet that summarizes the available information about Mrs. Gray's
treatment decision. The columns list information describing the attributes of each alternative
grouped into three categories:

4 Effectiveness, further divided into controlling symptoms and halting disease
progression.

@ Risk of adverse effects, further divided into serious and common side effects.
Serious side effects require stopping the medication, additional active treatment, and
could result in permanent health consequences. Aplastic anemia is an example.
Common side effects primarily cause minor symptoms and may or may not require
a change in medication. Examples include rash, headaches, and dyspepsia.

4 Out-of-pocket cost, how much Mrs. Gray would have to pay for the medicine every
month.

Clinical decision support using a balance sheet consists of making it readily available to
patients and providers and helping them use the information to effectively evaluate the pros
and cons of each option. The balance sheet shown in Table I illustrates two ways how this
could be done.

First, both data and relative rankings of the alternatives are included. The rankings serve two
functions. They clearly show whether high or low values are preferred and they speed the
interpretation of the raw data by providing an additional level of organization to the
information provided.

The second approach is the identification of a dominated alternative, in this case Drug B».
Dominated alternatives have no unique advantages and are inferior to at least one other
alternative on every dimension. In the example, Drug B, is dominated because it is never the
best alternative and is inferior to Drugs A and B in terms of symptom relief, common
adverse effects, and out-of-pocket cost. In general, dominated alternatives should be
eliminated from further consideration so that decision makers can focus their attention on
more promising alternatives. A persistent reluctance by decision makers to eliminate
dominated alternatives can indicate that an important consideration is missing from the
balance sheet. If so, a revised balance sheet should be created.

The balance sheet can also be used to help the decision makers decide if there are any
standards alternatives must meet to merit further consideration or if they should simply “take
the best”, i.e., choose the alternative that does the best on the most important criterion. [22]
For example, Mrs. Gray could either decide to eliminate Drug C from consideration because
she is not able to afford it or decide to choose it, regardless of the cost, because it gives her
the best chance of preventing progression of her disease.

Decisions like these that are made based on just a subset of the decision criteria are called
non-compensatory decisions. They are fast and often useful. Non-compensatory strategies,
however, run the risk of eliminating alternatives that represent good choices across a number
of criteria because they assume that their combined strengths over the entire range of criteria
are not enough to overcome a relative weakness on just one or two dimensions. For this
reason, decision makers facing important decisions should use non-compensatory strategies
judiciously. In Mrs. Gray's case, the two common non-compensatory strategies described
above lead to markedly different decisions: setting a maximum out-of-pocket standard less
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than $100 would eliminate Drug C, the favored alternative if the decision was to “take the
best” in terms of effectiveness.

Balance sheet illustration—To illustrate how a balance sheet could be used to support
Mrs. Gray's treatment decision, she and her provider would review the balance sheet
illustrated in Table 1. Assume that they agree that the dominated option, Drug B», can be
eliminated from further consideration. (We will continue to make this assumption
throughout the rest of the paper.)

Imagine that Mrs. Gray becomes concerned about her ability to afford Drug C. After a brief
discussion, however, she and her provider decide to keep it under consideration because the
number of alternatives is already manageable and Drug C is the most effective drug. The
decision making process then consists of a careful evaluation of the three non-dominated
options - Drugs A, B4, and C - all of which have a unique combination of advantages and
disadvantages, culminated by the selection of the one that seems most appropriate.

Balance sheet comments—The use of balance sheets to support medical decision
making has been advocated by Eddy. [23] The advantages of this approach stem from its
simplicity and familiarity. Many people are familiar with tabular summaries and know how
to interpret the information they contain. It is also a practical approach. Assuming an
appropriate balance sheet can created beforehand, it only adds one additional step to the
usual care process.

The main disadvantage of the balance sheet approach is that it is unclear whether it provides
enough decision support to foster consistent, high quality clinical decision making. [24-25]
It is possible that important considerations may not be included on the sheet and therefore
omitted from the decision making process. It is also unclear how well balance sheets
stimulate assessment of individual preferences regarding decision trade-offs and help the
decision makers integrate them into the decision making process.

The even swap method

Even swap overview and illustration—The oldest formally described multi-criteria
method is a swapping approach, initially described by Benjamin Franklin in 1762, and later
incorporated into the “Even Swap” method. [26-27] This method consists of identifying
strengths and weaknesses of the decision alternatives that balance each other out. It is best
described using an example.

Since we are assuming that Mrs. Gray and her provider are willing to eliminate Drug B,
from further consideration, they would start by creating a new balance sheet that contains
only the non-dominated alternatives. This simplified balance sheet is shown in Table II.

The even swap technique involves determining changes in the drugs' profiles that would
make them equivalent. For clarity, we will assume that all swaps will be based on Drug A.
In actual practice, swaps can involve any alternative.

Imagine that our decision makers decide that they would be willing to trade a $45 increase
in monthly out-of-pocket cost for Drug A, from $15 to $50, in return for a 10% absolute
increase in effectiveness in halting progression of the disease, from 65% to 75%. This swap
yields a revised profile for drug A: the adjusted disease progression effectiveness is now
75% and the adjusted cost is now $50 per month. By making this swap, Drug A now
dominates Drug B; and Drug B is eliminated from further consideration.
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Now assume they are willing to trade a decrease in symptom relief effectiveness for Drug A
from 95% to 85% in return for a 5% increase in effectiveness in halting disease progression
from 75% to 80%. They then decide to trade an increase in Drug A's risk of common side
effects from 1% to 5% and cost from $50 to $75 in return for another 5% absolute increase
in effectiveness in halting disease progression. This swap results in a further revised profile
for Drug A; its effectiveness in halting disease progression is now 85% and its cost is $75.
This change results in Drug A dominating Drug C indicating it is the most appropriate
choice. Table 111 illustrates these swaps.

Even Swap comments—Compared with the balance sheet approach, the potential
advantage of the even swap method is that it could result in a sounder decision making
process. The decision is now based on an explicit process of comparing the relative
advantages and disadvantages of the decision alternatives. In addition to helping make the
judgments more consistent with the decision makers' preferences, this process could also
help them discuss the decision more meaningfully.

There are, however, several potential problems with using the even swap method for clinical
decision support. First, it is currently unclear whether clinical decision makers are able to
reliably make the swaps required to use this approach or if it effectively promotes
communication about the decision-making process. Moreover, the input required of the
users is complicated and the added time that is required to make the swap-related judgments
may make it less feasible for use in busy clinical settings.

A Pubmed search in June 2010 did not reveal any published medical applications of this
method. A web-based computer program implementing the smart swap procedure is freely
available at http://www.smart-swaps.hut.fi/. [28]

Value-based methods

Value-based methods lead the decision maker(s) through a series of judgments that produce
quantitative scores that indicate how well they think the alternatives meet the decision
criteria and the relative priorities of the decision criteria in making the decision. Methods in
this category include ordinal weighting methods, direct weighting, methods based on multi-
attribute utility theory (MAUT), and the Analytic Hierarchy Process (AHP).

All of these methods start with the creation of a hierarchical decision model, sometimes
called a value tree, that explicitly defines the goal of the decision, the alternatives being
considered, and the criteria that will be used to judge how well the alternatives meet the
goal. An example is shown in Figure 1. The decision criteria are mutually exclusive
characteristics of decision alternatives, identical to the attribute categories used to create
balance sheets. The next step is to identify the options that will be considered, summarize
information about how well the options meet each criterion, and create a balance sheet.
After checking for dominated alternatives, the multi-criteria analysis is performed. This
consists of a series of method-specific steps that decision makers follow to generate the
scores that indicate how well the alternatives are likely to meet the criteria and the weights
that indicate the priorities of the criteria in achieving the decision goal. The priority weights
and alternative scores are then combined to create summary scores that reflect the relative
strengths and weaknesses of the alternatives relative to the goal of the decision. “What-if”
sensitivity analyses can then be performed to explore the effects of changing the alternative
scores and criteria priorities.

Ordinal methods—The simplest approach to value-based multi-criteria decision making
is to create measurement scales by rank ordering the alternatives and the criteria. A number
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of such methods are available. [7] They are called ordinal methods because the ranking
process orders the decision elements being compared from most to least preferred.

One of the easiest to implement is a newly proposed method called the Multi-Attribute
Global Inference of Quality (MAGIQ). [29] This method starts with a balance sheet of non-
dominated alternatives. The criteria are then rank-ordered with regard to their priority
relative to the decision goal and the alternatives are rank-ordered with regard to how well
they meet each criterion. These rank orders are then converted into numeric scales using
rank order centroids, a value that estimates the distance between adjacent ranks on a
normalized scale running from 0 to 1. Rank order centroids are fairly easy to calculate but
are easier to obtain by using a table of pre-calculated values. [30] Details about the
calculation and a table of values are included in Appendix 2.

Ordinal method illustration—To illustrate the MAGIC technique, let's see how Mrs.
Gray and her provider could use it to analyze her treatment decision. The procedure starts
with the simplified balance sheet containing the non-dominated alternatives shown in Table
I1. Because the alternatives are already rank-ordered relative to the criteria, the only input
required is the rank ordering of the criteria and sub-criteria. Mrs. Gray and her provider
decide that Effectiveness is the highest priority, followed by Risk of Adverse Effects, and
Cost. With regard to the sub-criteria, they judge halting disease progression more important
than controlling symptoms and avoiding serious adverse effects more important than
avoiding common side effects. The results of this process are shown in Table IV.

The next step is to convert the ranks into weights by substituting the appropriate rank order
centroids. When there are three items the rank weights are 0.611, 0.2778, and 0.111. When
there are two, the weights are 0.75 and 0.25. In the last step, final scores are calculated for
each alternative by the weighted average method. To do this, the alternative's scores on the
criteria are multiplied by the criteria priority weights and the results are summed. As shown
in Table 1V, the results indicate that, for Mrs. Gray, Drug A is the preferred treatment.
Figure 2 illustrates the relative contributions of each decision criterion on the final
alternative scores.

Comments—The basic premise of ordinal-based multi-criteria methods is that the process
of rank ordering and weighting the criteria and alternatives should improve the soundness of
the decision making process by assessing the decision makers' preferences about the pros
and cons of the alternatives and the relative priorities of the decision criteria. This step
should also improve communication among decision makers about important aspects of the
choice being made. A major advantage of ordinal-based approaches is that the only input
required of the decision makers is the rank ordering which is easy to understand and
accomplish. It should also not be overly time consuming when added to a clinical
consultation.

A major unresolved problem with ordinal ranking methods, however, is whether they
adequately measure the decision makers' preferences. Ordinal forms of measurement
indicate which items are better than others but provide no information about the magnitude
of the differences. Other multi-criteria methods, such as those described below, use interval
and ratio measurement scales that include this information and therefore more precisely
quantify the decision maker's preferences. The accuracy with which full measurements
scales can be derived from limited information is a fundamental question about rank order
centroid weights and the approaches used to derive weights used other ordinal methods.
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I am not aware of either any published medical applications or readily available computer
software programs. These methods could, however, be easily implemented using a standard
computer spreadsheet program.

Direct weighting—One of the most popular value-based methods is direct weighting. The
simplest direct weighting method is to assign a number to every decision item being
assessed. A typical approach is to assign a score of 1 to the lowest ranked item, and then
determine scores for the others based on how much better or more important they are. These
assessments also be made using a graphic interface. As with the ordinal methods, summary
scores indicating how well the alternative meet the goal are typically created using the
weighted average method. To ensure comparability and interpretation of results, all scores
and priorities are frequently normalized by dividing each assigned score by sum of all scores
so that they sum to one. The analysis can either be done in a top-down fashion, which starts
with determining the criteria priorities, followed by assessments of the alternatives, or using
a bottom-up approach that starts with the alternative assessments and ends with the criteria
priorities.

Direct weighting example—Table V illustrates how a direct weighting approach could
be applied to Mrs. Gray's treatment decision using a top-down approach. The clinical
decision makers decide that Cost is the least important major criterion and give it a score of
1. They then judge Effectiveness 4 times more important, and Risk of Adverse Effects 3
times more important than Cost. The sum of these raw scores is 8. Dividing each individual
score by their sum yields the following normalized priorities: effectiveness 0.50, risk of
adverse effects 0.38, and cost 0.13.

This same process is then used to assign priorities to the sub-criteria under Effectiveness and
Risk of Adverse Effects. They judge effectiveness in halting disease progression more
important than symptom relief. Symptom relief is therefore assigned a raw score of 1.
Halting disease progression is judged 4 times more important and assigned a raw score of 4.
In terms of adverse effects, they judge the risk of serious adverse effects 5 times more
important than common side effects. Normalized intra-criterion priorities for the sub-criteria
in the same criterion family are then calculated by dividing the raw values by their sum.
Global decision priority weights are then calculated by multiplying each localized intra-
criterion priority by the priority weight of the parent criterion. Finally, scores for the
alternatives relative to each criterion are calculated in the same fashion. All of these
judgments and the resulting option scores are shown in Table V. Summary scores are then
calculated using the weighted average method.

The end results of this process are also shown in Table V. Drug A is the preferred
alternative. Figure 2 shows the relative contributions of each criterion toward the total
scores.

Comment—The soundness of direct rating procedures is based on the premise that the
process of assigning discrete scores to the decision options and criteria will make them more
accurate measures of the decision maker's preferences. In addition, the process of
quantifying criteria priorities and assessments of the options' strengths and weaknesses may
facilitate better communication among the decision makers by making otherwise personal
judgments explicit. Another advantage is that the quantification of these judgments makes it
possible to easily examine the effects of changing criteria priorities and/or option rankings
on the results. The major drawback with direct weighting is that it does not provide
assurance that the assigned scores are valid and reliable indicators of decision maker's
preferences and judgments.
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Variations of the direct weighting method have been used in several patient decision aids
and to investigate patient and clinicians' values for potential outcomes of rectal cancer
treatment. [31-33] This method is well suited for implementation using a computer
spreadsheet program. There are also several software programs available including WEB-
HIPRE, a free web-based program available at http://www.hipre.hut.fi/ and Annalisa,
available at http://www.cafeannalisa.org.uk/index.php.

Multi-attribute utility analysis

Multiple criteria methods based on multi-attribute expected utility theory (MAUT), seek to
improve the intensity of the decision making support beyond that provided by direct
weighting methods by creating standardized scales called utility functions that measure how
well the options meet the criteria and incorporating information about the variability of the
options within each criterion in determining the criteria priorities. The most theoretically
correct MAUT method is very difficult to implement in practice. For this reason, three
simpler methods have been developed that very closely approximate the results of the
original method: SMART (Simple Multi-Attribute Rating Technique), SMARTS (SMART
using Swings), and SMARTER (SMART Exploiting Ranks).[30,34] All three methods take
the same approach to structuring the decision problem, defining decision criteria, identifying
options, generating utility functions, and creating summary scores. They differ in the method
used to generate the criteria priority weights.

MAUT utility functions—A fundamental feature of MAUT is the generation and use of
utility functions to evaluate how well the options meet the criteria. These functions differ
from the simple normalized scales used in the direct weighting methods in that they
transform the raw data from various criterion-specific measurement units to a common,
dimensionless, interval-level scale running from 0 to 100. In its most basic form, the
creation of a utility function involves three steps: a) determining the form of the utility
function, b) defining the range of possible values the function should include, and c)
mapping the options.

The simplest approach to creating these utility functions for information already
characterized using a quantitative scale is to assume that they are linear. If so there are three
basic scale types: 1) higher values are better than lower values, 2) lower values are better
than higher ones, and 3) the best value falls somewnhere between the two extremes. For types
1 and 2, all that is needed to define a linear utility function is to determine the minimum and
maximum values of the range being included. A good general strategy is to use the full
range of acceptable values for these endpoints, rather than just the range provided by the
options that are being considered. In this way, the same function can be used repeatedly
even if alternatives with different characteristics are included in the analysis. For type 3
scales, after the endpoints are chosen, it is also necessary to determine the location of the
best value and whether the extremes are equally inferior or if one is better than the other.[30]

The use of a linear scale is appropriate as long as differences between similar intervals are
judged to be equivalent for the entire range of possible values. For example, to determine if
a linear function can be used to represent the effectiveness ratings of the medications in Mrs.
Gray's decision, the value of a five point change would have to be judged the same for
absolute differences in response rates between 0 and 5%, 50% and 55%, and 90% and 95%.
As a general rule, even if these differences are not all judged equal, the use of a linear scale
is acceptable as long as the ratio between any two intervals is less than or equal to 2:1.
Ratios greater than this indicate that a non-linear scale will have to be created. [30] A full
description of procedures used to create non-linear utility scales is beyond the scope of this
paper; details can be found elsewhere. [34]
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In some cases, decisions involve criteria that are not easily described using quantitative
scales. In this case, each set of decision makers need to create an appropriate function. This
is done using the direct weighting approach, as described above, to determine values for
each alternative. The full utility function is then created in the standard fashion using these
values in place of the pre-existing scale.

MAUT criteria priorities—As noted above, the MAUT methods differ in how the criteria
priorities are derived. The initial method, SMART, used a direct weighting approach
identical to the one described above except for the addition of a step that checks on the
consistency of the judgments being made. This is done by sequentially eliminating the
lowest ranked criterion and repeating the comparison procedure using the next lowest
ranked criterion as the comparison standard. Judgments are consistent if they are either the
same or very close for each set of comparisons. Inconsistent results suggest that decision
makers have not made up their minds regarding the priorities of the criteria or a mistake has
been made in performing the analysis. In this situation, more time should be taken until a
more consistent set of priorities has been achieved. [34-35]

SMARTS and SMARTER were both created to improve the soundness of the original
SMART procedure by ensuring that the derived criteria priorities incorporate the range of
differences among the options. The underlying premise is that, for any particular decision,
criteria that capture more of the differences among the options should play a greater role.
Thus, a criterion where there is a 10-fold difference between the best and worst options
should have a higher priority than one where the difference is only 2-fold. Of course, this
approach to assigning priorities to decision criteria can be used for any value-based multi-
criteria method. The difference is that this strategy is explicitly incorporated in these
methods. The first modification using this procedure, SMARTS, has been replaced by the
easier to use SMARTER procedure, so it won't be discussed further. [30]

SMARTER uses swing weights, a procedure similar to the one used to make the even swaps
described earlier, to prioritize the criteria. The decision makers are asked to pretend they
have an option that has the lowest possible score on all the criteria. They are then asked to
indicate which criterion they would choose if they could improve the option's performance
from worst to best on just one criterion. The chosen criterion is then given the highest
priority. This process is then repeated using only the remaining criteria until all the criteria
have been ranked. Priority weights are then assigned using the Rank Order Centroid Method
described above in the Ordinal Methods section. [30]

When the decision model contains just one level of criteria, each criterion is prioritized
directly. When the model includes both criteria and sub-criteria, the simplest way to proceed
is to compare the proximate criteria, defined as the criteria and sub-criteria that are directly
linked with the alternatives in the decision model. Parent criteria weights are determined by
summing the weights of their related sub-criteria.

SMARTER method example—To illustrate the SMARTER method, | will show how
Mrs. Gray and her provider could use it to help guide their decision making.

First, the raw data describing how well the alternatives meet the criteria have to be
transformed into utility functions. In most cases this would be done beforehand, outside of
the clinical encounter. To illustrate the process, let's assume that all functions meet the
criteria for the linear approximation. The lower and upper bounds chosen for the decision
criteria are: 40% and 100% for both effectiveness sub-criteria, 2% and 0 for serious adverse
effects, 20% and 0 for common adverse effects, and $150 and 0 for cost. Values for the
decision alternatives are then determined by transforming the raw data onto these utility
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scales. This is done using the following formula: u =V x (100/A) — ((100/A) x min), where
u is transformed value, V equals the raw data value, A equals the difference between the
maximum acceptable value and the minimum acceptable value, and min equals the minimal
acceptable value. The resulting utility functions are illustrated in Figure 3; the resulting
option utilities are shown in Table VI.

The next step is to determine the criteria priorities. Because Mrs. Gray's decision involves
both sub-criteria and criteria, the prioritization process is done by comparing the proximate
criteria: the two sub-criteria under effectiveness, the two sub-criteria under adverse effects,
and the criterion cost. Mrs. Gray and her provider choose effectiveness in preventing long
term harm as the highest priority proximate criterion, followed by risk of serious side
effects, monthly out of pocket cost, effectiveness in relieving symptoms, and risk of
common side effects. This rank ordering is then used to assign rank order centroid weights.
The option utilities and criteria priorities are then combined using the additive weighting
method to generate summary scores for the alternatives.

As shown in Table VI, the results indicate that the differences among the three options are
small; the scores for Drugs A, By, and C are 0.35, 0.34 and 0.31 respectively. Figure 2
shows the contributions of each criterion toward the summary scores. This result should
prompt Mrs. Gray and her provider to explore the effects of changing their proximate
criteria rankings and re-run the analysis after making any adjustments they think are
warranted. If they decide that no adjustments are necessary, they should consider whether
there is an additional consideration that was not included in the original analysis. An
example would be the greater degree of uncertainty about the side effects of the newly
released Drug C. If not, the best strategy would be to choose Drug A as the best option.

Comments—Multi-attribute utility analysis using the SMARTER method has several
advantages for clinical decision support applications. It has a well-established theoretical
background and, if pre-existing utility scales are used, the only input required of the clinical
users is the swing-based ranking of the criteria. Along with these advantages, however, there
are several potential drawbacks. The soundness of the SMARTER technique depends on
decision makers' abilities to accurately make the swing judgments among the criteria, the
extent to which linear value scales accurately represent their judgments, and the
appropriateness of using criteria priority weights based on ordinal rankings. None of these
assumptions has been tested in clinical decision support settings.

There has been at least one medical application of the SMARTER technique. [36] It is
simple enough to be easily implemented using standard computer spreadsheet. A
modification is also included in WIN-HIPRE.

The Analytic Hierarchy Process

Overview—Currently the most widely used multi-criteria method for both medical and
non-medical applications is the Analytic Hierarchy Process (AHP). [8,11] The AHP was
expressly created to be an easy to use decision support method capable of addressing a wide
range of difficult decision problems including those that involve both “hard” data and less
tangible considerations. Like the other methods in this category, it decomposes a decision
problem, creates a quantitative comparison of the decision alternatives, and provides a
format for performing “what-if” sensitivity analyses. Its level of decision support is
comparable to that provided by MAUT. Differences from MAUT include the use of ratio
level scales to rate the alternatives, the availability of several alternative methods for
generating these scales, the use of a simple pairwise comparison procedure that is used
throughout the analysis, and the routine calculation of a check on the internal consistency of
these comparisons.
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The AHP method—A classic AHP analysis starts with a balance sheet containing all non-
dominated decision options. Like direct weighting, the scores regarding how well the
options meet the criteria are determined directly from the data available. The difference is
that, instead of assigning weights directly, they are determined by sequentially comparing all
possible pairs of options in terms of their abilities to meet the criteria using a one to nine
scale. Unlike MAUT, this same procedure can be applied equally well to both objective and
more subjective criteria. After the comparisons are complete, they are combined using a
matrix algebra calculation called the right principal eigenvector. This is equivalent to taking
the average of both the direct comparisons that were made and the indirect comparisons they
imply. The result is a normalized, ratio-level scale that reflects the judgments made between
the alternatives. In addition to this scale, the pairwise comparison process also yields a
measure of their consistency called the consistency ratio. A perfectly consistent set of
judgments has a consistency ratio equal to zero. By convention, consistency ratios < 0.10 are
generally considered acceptable. In certain applied settings such as general population field
studies ratios up to 0.15 are permissible. [37-39]

After the comparisons among the options are complete, the same pairwise comparison
method is used to determine the priorities of the criteria relative to the decision goal and any
sub-criteria relative to their parent criteria. When all the comparisons are complete, they are
combined using the weighted additive method to create a normalized, summary scale that
indicates how well the options have been judged to meet the decision goal.

Variations of this classic approach include a ratings method that uses the pairwise
comparison process to assign weights to categories of alternatives - such as high, medium,
or low - rather than individual options, two methods for calculating alternative scores
depending on whether the goal of the analysis is to create a scale that reflects the pros and
cons of the alternatives or to pick the best one, and the use of a network, rather than a
hierarchical value tree, to conceptualize the decision. The ratings approach is especially
useful when there are large numbers of alternatives under consideration. The different ways
to assign alternative weights are used to avoid problems that can arise if two very similar
alternatives are included in the analysis. The network approach, called the Analytic Network
Process (ANP), is designed to avoid problems in assigning criteria priorities that could arise
if the range of options available is not considered, the same issue that led to the SMARTS
and SMARTER refinements of the original SMART technique. Further discussion of these
AHP variations is beyond the scope of this paper, full descriptions are available elsewhere.
[37,40-43]

AHP example—A classic AHP analysis of Mrs. Gray's decision problem would start after
the balance sheet of non-dominated alternatives is created, as shown in Table Il. The first
step is to perform pairwise comparisons of the three options - Drug A to Drug B4, Drug A to
Drug C, and Drug B to Drug C —relative the proximate decision criteria. Mrs. Gray's
comparisons and the resulting alternative scores are illustrated in Table VII. In each case her
consistency ratio is < 0.10, acceptable using the conventional cutoff for inconsistency.

After the alternative comparisons are complete, the same procedure is used to judge the
importance of the sub-criteria relative to their parents and the major criteria in achieving the
goal of the decision. The results indicate that Drug C is the best option with a score of 0.38,
followed by Drug A (score 0.36), and Drug B4 (score 0.25). These steps and the overall
results of the analysis are also shown in Table VII. The relative contributions of the criteria
toward the summary scores are illustrated in Figure 2.

Comment—The advantages of using the AHP to provide clinical decision support include
its flexibility, ease of use, and strength of measurement. Its flexibility is due to the different
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formats available. This makes it possible to adapt the same basic decision support method to
different users and different circumstances. Its ease of use stems from the pairwise
comparisons. People easily learn how to make these comparisons and the same method can
be applied equally well to quantitative data and subjective considerations. Because the AHP
is also a theory of measurement, the mathematical operations involved in the analysis are
theoretically justified and assumption-free. [44] The routine use of the consistency ratio
during the analysis helps to help users avoid making technical mistakes and monitor the
quality of the analysis. The main drawback of using the AHP for clinical decision support is
that the pairwise comparison process is time consuming which can make it challenging to
implement in clinical settings.

A recent review of medical applications of the AHP identified 50 published articles. [11]
The calculations required to perform an AHP analysis can be easily programmed into a
computer spreadsheet. WEB-HIPRE supports AHP analyses; a number of commercial and
non-commercial software programs are also available including a free program called
Superdecisions that also supports ANP analyses that is available at
www.superdecisions.com.

Conclusion

Full realization of the goal to provide patient-centered, evidence-based care throughout the
healthcare system will require effective and efficient ways for enabling patients and
providers to routinely carry out the necessary tasks. Multi-criteria decision making
techniques are uniquely well-suited for this purpose, suggesting that they could serve as the
foundation for a new generation of clinical decision support systems designed to support
consistent, high quality medical care.

All of the methods described here are capable of helping patients and clinicians like Mrs.
Gray and her provider gain a deeper understanding of clinical decisions they face and reduce
their initial state of uncertainty about the best course of action. The key to making these
methods useful in clinical practice is making sure they both meet the needs of the intended
users and provide substantive decision making support.

As noted, there are unanswered questions about the clinical applicability of each method that
are primarily due to an unavoidable inverse relationship between ease of use and the amount
of decision support they provide. It is likely that the usefulness of every method will be
affected by the nature of the clinical problem being addressed and individual patient needs
and capabilities. More difficult or important decisions are better suited for more intensive
deliberation and decision support. A technically high level of decision support that does not
make sense to the decision maker, however, is of no benefit. Whether or not multi-criteria
decision making will ultimately serve as the cornerstone of the next generation of decision
support interventions is currently unknown as research into the actual usefulness and
feasibility of multi-criteria based clinical decision support systems is in its infancy.
However, the potential exists. Additional research to determine the role of multi-criteria
methods in healthcare decision making is warranted.
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Appendix 1: Glossary of multi-criteria terms

Additive weighting method

A method of determining the overall scores of decision options analogous to calculating a
weighted average. Calculated by multiplying the options' scores on the criteria times the
weights of the criteria and summing across all criteria.

Alternative
A course of action being actively considered as part of a decision making process. Used
interchangeably with option.

Attribute

A characteristic or feature of a decision option.

Common side effect

An adverse effect of a medication that causes temporary symptoms such as rash or headache
that generally require minimal treatment for control and do not necessarily indicate that the
causative medication needs to be discontinued.

Compensatory method

Decision making methods that incorporate information from all the decision criteria.

Consistency

The extent to which a set of related judgments are internally consistent with each other.

Criterion

Consideration being used to select a preferred alternative in making a decision. Usually
refers to attributes or characteristics of the alternatives that determine their desirability. Used
interchangeably with objective.

Decision elements
The components of a decision including the decision goal, the criteria and sub-criteria, and
the alternatives being considered.

Decision model

A graphic representation of a decision that lists the options being considered and the
considerations being used to compare the options. Sometimes a decision goal is also
included. The format used is variable. Common arrangements include hierarchies and
networks.

Decomposed approach

A method of decision analysis that breaks a decision down into separate elements such as
alternatives and criteria.
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Dimension

An important consideration in making a decision.

Dominated alternative
A decision alternative that has no unique advantages compared to the other alternatives
being considered and is always inferior to at least one other alternative for every dimension.
Interval scale

A scale of measurement where there is a defined distance between any two points on the
scale.

Non-compensatory method

Decision making methods that do not incorporate information from all the decision criteria.

Objective

Consideration being used to select a preferred alternative in making a decision. Usually
refers to attributes or characteristics of the alternatives that determine their desirability. Used
interchangeably with criterion.

Option
A course of action being actively considered as part of a decision making process. Used
interchangeably with alternative.
Ordinal scale
A scale of measurement that involves assigning items to higher or lower ranks. No
information is provided about the magnitude of the differences between the ranks.
Pairwise

A procedure involving a pair of items. Most commonly used to describe a process of making
judgments between two decision elements.

Proximate criteria

Criteria and sub-criteria that are directly linked to decision options in a decision model.

Ratio level scale

A scale of measurement where there is both a defined distance between any two points on
the scale and an absolute zero point. This is the only type of scale where ratios between
numbers have meaning.

Score

A number representing the relative importance of a decision element in making a choice
between a set of options. Most commonly applied to options.
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Serious side effect

An adverse effect of a medication that requires substantial treatment for control, could result
in permanent effects, and requires discontinuation of the causative drug.

Value Tree

A hierarchical decision model with the goal of the decision on the highest level, the options
on the lowest level, and the criteria and sub-criteria being used to compare the options
relative to the goal in the middle.

Value-based methods

Multi-criteria methods that develop quantitative measures of how well the options fulfill the
criteria and the relative impacts of the criteria in achieving the goal of the decision.

Weight

A number representing the relative importance of a decision element in making a choice
between a set of options. Most commonly applied to criteria and sub-criteria.

Appendix 2. Rank-order Centroids [30]

Calculation

Assume that there are K items that need to be weighted and that they are rank-ordered so
that wi>w,>w3>w_The rank order centroid of any item i is equal to:

K
wi=(1/K) ) (1/i)

i=k

For example, if there are three items to be weighted, K = 3. The rank order centroid of the
items are then calculated using the following formulas:

wi=(1+1/2+1/3)/3=0.61
Wr=(0+1/2+1/3)/3=0.28
w3=(0+0+1/3) /3=0.11

When there are ties, the average of the weights for the tied places is used. For example, if
there is a tie for the second best item, the mean of the weights for ranks 2 and 3 is used for
both of the tied items.
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Table of rank order centroids

Number of items

Rank 2 3 4 5 6 7 8 9
1 0.75 | 0.61 | 052 | 0.46 | 0.41 | 0.37 | 0.34 | 0.31
2 025 | 028 | 0.27 | 0.26 | 0.24 | 0.23 | 0.21 | 0.20
3 0.11 | 0.15 | 0.16 | 0.16 | 0.16 | 0.15 | 0.15
4 0.06 | 0.09 | 0.10 | 0.11 | 0.11 | 0.11
5 0.04 | 0.06 | 0.07 | 0.08 | 0.08
6 0.03 | 0.04 | 0.05 | 0.06
7 0.02 | 0.03 | 0.04
8 0.02 | 0.03
9 0.01
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Figure 1.
A generic multi-criteria decision-making model consisting of a goal, criteria, sub-criteria,
and several options.
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Figure 2.

The results of Mrs. Gray's multi-criteria analysis using the four value-based methods. The
summary scores indicate the overall results. The criteria-specific scores indicate the
contribution of each criterion toward the summary score based on the priority weights and
the criterion-specific performance of each alternative.
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The utility scales generated from the data about the alternative drugs contained in the

balance sheet.
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