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ATCR DCEA Lecture 1, January 7, 2010, Mr. Kahn
Decision Analysis: Introduction, Steps

PRIVATE 
Objectives:tc  \l 1 "Objectives"
· To understand what decision analysis is and when it might be used

· seq level0 \h \r0 

seq level1 \h \r0 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 To understand the sequence of steps in doing a decision analysis

Reading:
Sox HC, Blatt MA, Higgins MC, Marton KI. Medical Decision Making. Boston: Butterworth-Heineman, 1988. Chapter 6: Expected Value Decision Making.

Decision analysis is an explicit, quantitative method for making (or at least thinking about) decisions in the face of uncertainty. In decision analysis, we quantify uncertainty using probabilities, and quantify the desirability of outcomes using utilities. Then we can calculate the expected utility of each alternative course of action (weighting utilities of different outcomes by their probabilities), and choose the one that on average will lead to outcomes we consider most desirable.

INDICATIONS FOR DECISION ANALYSIS:

For difficult decisions where there is uncertainty about outcomes of alternative courses of action.


1.
For developing policies, treatment guidelines, etc. 


2.
At the bedside (i.e. helping individual patients to make decisions)


3.
To help focus discussion and identify most important areas for further research.


4
 In your life outside of medicine


5.
As a teaching tool to discourage dogmatism and to demonstrate rigorously the need to involve patients in decisions seq level0 \h \r0 

seq level1 \h \r0 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 
OVERVIEW OF THE STEPS:

1. Formulate an explicit question. Know what you’re asking.

2. Make a decision tree. Squares for decision nodes, circles for chance nodes. To do this you will need to:


a) Define alternative actions (from which you will choose). These are the branches of the decision node.

b) seq level0 \h \r0 

seq level1 \h \r0 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 

seq level1 \h \r0 

seq level2 \h \r0 Define possible outcomes of these actions, and the uncertainties upon which they depend. These are the branches from chance nodes.

3. Estimate probabilities of each state or event at each of the chance nodes. 
4. Estimate utilities. (This is the hard part!) This means you (or the decision maker) have to express your preference for different outcomes numerically.

5. Compute the expected utility of each branch: Identify the branch with the highest expected utility.

6. Perform sensitivity analysis to examine how the results vary with uncertainty in probabilities and utilities.

Case Presentation:

Ms. Brooks is a 50 year old woman with an incidental cerebral aneurysm. She presented with new vertigo 3 weeks ago and her primary MD ordered a head MRI. Her vertigo has subsequently resolved and has been attributed to labyrinthitis.

Her MRI suggested a left posterior communicating artery aneurysm, and a catheter angiogram confirmed a 6 mm berry aneurysm. 

Past medical history is remarkable only for 35 pack-years of cigarette smoking. 

Exam is normal. 

Ms. Brooks: “I don’t want to die before my time.”

Question is: Do we recommend surgical clipping of the aneurysm or no treatment? 

Alternative ways of dealing with uncertainty:

Dogmatism. 

All aneurysms should be surgically clipped.

Policy/Tradition. 
At UCSF we clip all aneurysms.
Experience. 
I’ve referred a number of aneurysm patients for surgery. They’ve done well.

Whim. 

Let’s clip this one. 

Nihilism.  

It really doesn't matter.
Defer to experts. 
Vascular neurosurgeons say clip.

Defer to patients. 
Would you rather have surgery or live with your aneurysm untreated?

Or, DECISION ANALYSIS

1. FORMULATE AN EXPLICIT QUESTION

Some clinical decisions are simple, such as whether to recommend smoking cessation. Most are much more complicated, involving nuances of relative indications and contraindications. For example, in deciding whether to start aspirin after an MI, beyond the data for secondary prevention, one might consider many other factors including a history of gastritis, probability of compliance, dementia, and patient fears and wishes. Considering all possible variables may be possible for a clinician (albeit not formally), but is not possible in decision analysis. Instead, we need to formulate an explicit, answerable question. This can be very difficult in advance, and the question may require modification as the analysis progresses. Some questions aren’t as amenable to decision analysis because they involve a complex synthesis of many factors with too much uncertainty. Generally, the simpler the question without loss of important detail, the easier and better the decision analysis.


It's important to consider from whose perspective the decision is being made. This is defined by the purpose of the analysis. Decision analyses usually take the perspective of the patient – maximizing their health status. (In cost-effectiveness analyses, the issue of perspective is more important and more complicated. More on that in lecture 3).

In the aneurysm example, our interest is in determining what’s best for Ms. Brooks so we'll take her perspective. We will begin with the following question:


Which treatment strategy, surgical clipping or no treatment, is better for Ms. Brooks considering her primary concern about living a normal life span?

2. MAKE A DECISION TREE

Creating a decision tree, or structuring the problem, turns out to be one of the hardest steps. It can quickly become quite complicated. The challenge is to make the tree simple enough to be understandable, but complete enough to provide a reasonably accurate depiction of the problem. A few general rules and suggestions:

· Make sure that the branches of each node are exhaustive and mutually exclusive. That means, looking into the future, one and only one branch will apply to a particular patient.  

· Pay attention to the distinction between decision nodes (represented by squares) and chance nodes (circles). One of the common errors for DA beginners is to misrepresent decision nodes as chance nodes. It is best to have only a single decision node in a tree (on the left, at the very beginning of the tree). The decision node often has more than 2 branches, and chance nodes usually have just two. Terminal nodes, at the end of each final branch, are sometimes represented by //, or by ◄, or with no symbol.

· Proceed incrementally. Begin simple. You can always make it more complex later. In this first tree we consider just two courses of action – no surgery and clipping, and three potential outcomes – normal survival, early death, and immediate death. We begin by sketching out the outcomes and a single decision node (Figure 1). Whether an untreated patient has a normal life span depends on two probabilities: the risk of aneurysm rupture and probability of dying once a rupture occurs. The same is true for aneurysms after surgery. These chance nodes are added to the model. Finally, there is a risk of mortality associated with surgery.

Figure 1
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3. ESTIMATE PROBABILITIES 


Probabilities are generally taken from the most reliable data applicable to the patient or scenario of interest. This is a judgment call, but the standard hierarchies of data quality often apply (e.g. definitive trials/meta-analysis of trials; smaller trials; large cohort studies; small cohort studies; opinion). Data inputs are discussed in more detail in lecture four.


The chance that an untreated aneurysm will rupture during a patient’s life time depends on expected life span and the yearly rupture rate. The life span is derived from U.S. mortality figures for a 50 year old woman (35 years). Though a meta-analysis of aneurysm rupture rates is available, it did not consider aneurysm size as a variable. A recent prospective study provides a better source for rupture rates in our patient: 0.05%/year [International Study 1998]. Thus, the lifetime probability of untreated aneurysm rupture is 35 years x 0.05%/yr = 1.75%.


Aneurysm rupture rates after clipping are unknown. Here we rely on expert opinion. There is consensus that clipped aneurysm rupture rates are very small—probably close enough to zero that we can use that as our estimate.


A meta-analysis of studies of death after aneurysm rupture found a case fatality rate of 45% [Hop 1997]. We use the same rupture case fatality rate for a treated aneurysm since there is no reason to suspect it would be different. 


Finally, the probability of fatality with surgery can be derived from meta-analysis of case series (2.6%) [Raaymakers 1998], a large administrative database (2.3%) [Johnston 1999], or the results at UCSF (2.3%) [unpublished]. None of these provides data on size of aneurysm. Since our patient will be treated at UCSF, we use 2.3% surgical mortality

The tree with probabilities in place looks like this (Figure 2).

   Figure 2
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When dealing with individual patients, we may be able to more accurately estimate these probabilities. Certain characteristics of the patient put them at somewhat higher or lower risk than the typical patient in the studies you use to estimate probabilities. In the example, we stick with the numbers in the literature.

4. ESTIMATE UTILITIES


For now, we’ve set up the problem so the utilities
 are straightforward. Ms. Brooks’ only concern is not to die early. Typically we assign the worst outcome a utility of 0 and the best outcome a utility of 1. So, in this simple example, immediate death = 0, early death = 0.5, and normal survival = 1. See Figure 3a. We’ll add a utility consideration later in this lecture. How to estimate the utility of health states will be a main topic of the next lecture.


5. COMPUTE THE EXPECTED UTILITY OF EACH BRANCH


This process is usually called "folding back"  the tree. The idea is that the utility of each possible outcome is weighted by its probability. A given node is equivalent to the sum of its probability-weighted utility outcomes. The expected utility values for each strategy are shown in Figure 3a, and the calculations are shown in Figure 3b. The course of action with the higher expected utility is the one you should select.


It is sometimes helpful to break up the calculations. Start on the right of the tree and work backward through each chance node, replacing the node with its expected utility. Thus, working from the top right of Figure 3a, the “Aneurysm rupture” chance node could be replaced by its expected utility, 0.775 [(Die = 0.45 x 0.5)  + (Survive = 0.55 x 1.0)]. You can then build up to the expected utility for the strategies.

Figure 3a
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In the aneurysm example, the expected utility of the no surgery branch (0.996) was greater than the expected utility of the clipping branch (0.977), so we recommend that Ms. Brooks avoid surgery.

Figure 3b
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6. PERFORM SENSITIVITY ANALYSIS


Sensitivity analysis explores how sensitive results are to changes in probability and utility estimates. In univariate (1-way) sensitivity analysis, expected utilities are calculated over a range of values for a single input. If we graph the expected utilities of the two strategies over these values, the point at which the two lines cross indicates the input value where we are indifferent to the treatment options. This value is called the treatment threshold. For this example, it’s quite far from the base case, increasing our confidence in the decision for no surgery. A spreadsheet (in particular, a tool like “Goal Seek”) speeds up the treatment threshold calculation tremendously.


Figure 4
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STEP BACK AND REVIEW THE ANALYSIS


As each iteration of the analysis is completed, it’s important to step back and examine what you’ve done. Have we answered the question we posed? Did we ask the right question? Are there other details that might be important to the accuracy of the analysis? Now is the time to consider adding layers of complexity to the decision analysis to improve its accuracy.


Surgery may produce neurologic disability, and Ms. Brooks may value a life with disability less than one in perfect health. We can add outcomes for disability due to hemorrhage or surgical complications. We need to assign a utility to this; a value of 0.17 reflects both 2/3 shorter lifespan and lower utility while alive, based on data from the published literature (detail in next lecture).


Aneurysm rupture also can produce neurologic disability. In a full model, this should be included. However, it’s much less important than the surgical disability because this risk is relatively low and applies only to the small percentage who have a rupture. For this example, we leave it out.

Figure 5 shows how the decision tree might look after including these concerns. Note that the expected value of no surgery remained the same, but the expected value of clipping decreased considerably.

Figure 5 [image: image6.wmf]"Utility"

No aneurysm rupture

0.9825

No surgery

0.996

Die

Aneurysm rupture

0.45

0.0175

  Survive

0.55

No aneurysm rupture

Difference

1

-0.082

Survive surgery

0.902

Die

Aneurysm rupture

0.45

Clipping

0

  Survive

0.915

0.55

Key Inputs

Surgery-induced disability

Rupture risk/yr

0.0005

0.075

Expected life span

35

RR rupture w/ surgery

0

Surgical death

Surgical mortality

0.023

0.023

Surg morb (disability)

0.075

0.0

Ms. Brooks

0.5

1.0

Normal survival

Disability, 

shorter survival

0.17

Immediate death

Normal survival

1.0

Normal survival

Normal survival

Early death

Early death

1.0

0.5

1.0


Additional reading and references:
*Detsky AS, Naglie G, Krahn MD, Naimark D, Redelmeier DA. Primer on Medical Decision Analysis. (Parts 1-4) Med Decis Making 1997;17:123-59. (Excellent how-to review! In the syllabus for Section 1.)

Hop JW, Rinkel GJ, Algra A, van Gijn J. Case-fatality rates and functional outcome after subarachnoid hemorrhage: a systematic review. Stroke 1997;28(3):660-4. (Analysis input)
Johnston SC, Dudley RA, Gress DR, Ono L. Comparison of surgical and endovascular treatment of unruptured cerebral aneurysms at university hospitals. Neurology 1999; 52(9):1799-1805. (Analysis input)
Leblanc R, Worsley KJ. Surgery of unruptured, asymptomatic aneurysms: a decision analysis. Can J Neurol Sci 1995;22(1):30-35. (Similar prior analysis)
Raaymakers TW, Rinkel GJ, Limburg M, Algra A. Mortality and morbidity of surgery for unruptured intracranial aneurysms: a meta-analysis. Stroke 1998;29(8):1531-1538. (Input)

Richardson WS; Detsky AS. Users' guides to the medical literature. VII. How to use a clinical decision analysis. A. Are the results of the study valid? and B. What are the results and will they help me in caring for my patients? Evidence-Based Medicine Working Group. JAMA, 1995 Apr 26, 273(16):1292-5 and May 24-31, 273(20):1610-3. (How to read more than how to do a DA.)

The International Study of Unruptured Intracranial Aneurysms Investigators. Unruptured intracranial aneurysms--risk of rupture and risks of surgical intervention. N Engl J Med 1998;339(24):1725-1733. (Analysis input)
� The term “utilities” is, unfortunately, used in two ways. Utilities are any outcome assigned to terminal branches of a decision tree (years, dollars, etc). A “utility” also refers to the value assigned to specific health states by individuals (see the next lecture). These are overlapping ideas, which is confusing.






