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1 . The cost of managing an heart attack (myocardial infarction; MI) in India was estimated from the following different sources. 

Cost of the hospital stay for an MI: Rs 5000 (estimated in 2010)
Cost of doing a coronary angiography and placing a stent in the blocked blood vessel: Rs 17500 (estimated in 2012) from a published study
Cost of medications during the hospitalization: Rs 1000 (estimated in 2016). 

a. You are tasked with estimating the cost of inpatient management of an MI in 2016 Indian rupees. Assume all patients need hospitalization and medications; half need an angiography and stent placement. Also assume that the rate of inflation in India over this period has been 5% per year. 

Cue: Estimate the costs in 2016 Indian rupees for each of the components; then add them in the correct proportions to generated an “expected value” cost of inpatient MI management. 




b. You are working on an international comparison. What is the cost of inpatient management of an MI in 2016 US dollars?

Cue: State the currency conversion rate you used. Typically, one would use a mid-year conversion rate, such as on July 1. Avoid highly volatile periods of time for currency conversion (e.g., around Nov 8, when both US and Indian currencies fluctuated considerably, for different reasons). 



c. You decide to incorporate some estimate of purchasing power in your international cost estimates. How much does an inpatient MI cost in International Dollars?

Cue: When using a purchasing power conversion factor (e.g., http://data.worldbank.org/indicator/PA.NUS.PPP?locations=IN) , the result is reported in “international dollars”  -  a hypothetical currency that would buy as much in said country as $1 would buy in the US. The World Bank produces data on purchasing power parity (PPP) conversion, but these data often have a time delay. My approach is to carry forward the last-reported PPP factor.  In the example above, the latest PPP conversion factor for India is from 2014, but I would assume it remains the same in 2016. As you see from the graph on the World Bank Site, this is likely a strong assumption, but this is the best we can do so far. 

2. You are evaluating a policy that will require upfront investment by the city of San Francisco, but will lead to averted health costs downstream. 

Cost in 2016: $1,000,000
Cost in 2017: $1,200,000
Cost in 2018: $1,500,000
Savings in 2019: $1,000,000
Savings in 2020: $1,200,000
Savings in 2021: $1,600,000

a. Estimate the present value of the intervention, assuming a 3% discount rate. 

Cue: Present value = Future value / ((1+r)^time)




b. Run a sensitivity analysis, with the discount rate varying from 0% to5%. 




c. State, in your own words, why one needs to discount costs.





d. State, in your own words, why one needs to discount clinical outcomes such as QALYs.







3. Here’s a second shot at building a tree in TreeAge, running it, and performing sensitivity analyses. I apologize that this is also a clinical example and is based on (terribly) old data, but it’ll serve the purpose for now. Let’s pretend it’s 1990, and the question before us is the following: 

When an elderly patient presents with a tight heart valve (in this case, aortic stenosis) but does not have any risk factors for coronary disease (blockages of the blood vessels supplying blood to the heart), there are two surgical choices: 
· Undergo surgery to replace the heart valve (aortic valve replacement or AVR), or 
· Undergo coronary angiography before the surgery to see if there are any blockages in the blood vessels to the heart, and if there are any, undergo both aortic valve replacement (AVR, to fix the valve) and coronary artery bypass grafting (CABG, to bypass the blocked arteries around the heart). The idea is that since you’re inside the chest, you might as well fix the blockages since they may limit survival in the long-term. This is the standard of care now, but in 1990, when this study was conducted, we were still trying to figure this out. Work with me here. 

Clinical decision being analyzed: should they receive AVR alone, or undergo coronary angiography to determine whether some should have AVR+CABG?

Inputs: 
· Probability that patient has coronary disease = 0.067

· Surgical mortality following AVR+CABG = 0.061
· Surgical mortality following AVR alone, among patients with underlying coronary disease = 0.122
· Surgical mortality following AVR alone, among patients without underlying coronary disease = 0.028
· Life expectancy among those who survive AVR+CABG = 8.8 years
· Life expectancy among those who survive AVR alone and have underlying coronary disease  = 6.2 years
· Life expectancy among those who survive AVR alone and do not have underlying coronary disease  = 13.3 years
· Cost angiography = $2,000
· Cost AVR = $50,000
· Cost AVR + CABG = $75,000

a. Frame the research question
b. Is angiography cost-effective at a willingness-to-pay threshold of $50,000 per life year?
c. Perform a one-way sensitivity analysis wherein the incremental cost of CABG (when performed in addition to AVR) varies from $10,000 to $75,000. 
d. Perform a one-way sensitivity analysis where the probability of coronary disease in the population ranges from 0.01 to 0.1.  Present your results graphically (ICER against prob of coronary disease). Cue: When you run the sensitivity analyses, TreeAge gives you a range of graph options on the right. Pick  (your variable of interest) vs. ICER. It will automatically create  a graph, which you can then save as a jpeg). 
e. Perform a threshold analysis (Analysis  Sensitivity Analysis  Threshold) on the probability of coronary disease at a threshold of $50,000 per life year. How would you interpret the results?

Bonus Question: 
We have implicity assumed that angiography is 100% accurate for diagnosing coronary disease. In a sense it is, because it remains the  diagnostic standard. But imagine a scenario where it was 80% sensitive and 85% specific. How does this alter the cost-effectiveness of the angio-driven strategy?

Cue: The population doesn’t change. What changes is whether everyone with coronary disease is detected, and some folks who don’t have coronary disease may undergo unnecessary CABG. 
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