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Todd Wagner:	My name is Todd Wagner. I am going to be presenting today. Let me make sure I get my slides up. Can you see them Heidi? 

Heidi:	Yes, we can, thanks. 

Todd Wagner:	Perfect, so today—let me back up a slide. Today we are going to be talking about estimating the cost of an intervention. Like I said, my name is Todd Wagner. I am here at the Health Economics Resource Center. Support me here today is Christine Chi who is one of the health economists here. So what I encourage people to do—I have about 55 slides. I love giving this talk but it seems like every time I give it I want to pack a little bit more in. So if there are questions that come up, please send your questions in as you think about them, and we will try to handle all of them as we can. 

I have two examples at the end so in the worst case scenario I will cut down on one of the examples. But I want to make sure that people have a chance to ask questions, and I will do my best to answer them. 

So really the objectives of this class are to understand what micro-costing means and there are different methods by how we micro-cost. I want you to be familiar with some of those methods in particular one which is direct-costing, and then to understand the methods you use if you end up doing micro-costing will affect your future analyses. So those are some pretty important issues. 

The other thing that I will do is that I will try to highlight areas at which cost-effectiveness analysis diverges from implementation science. So like I said, here in this perspective we are really focused on as many costs that you would think about using from a cost-effectiveness analysis from a societal perspective. There are distinctions of how implementation researchers would use these, and I will try to show you those forks in the road. Those are going to be very interesting and sort of lead us in tangents. We cannot address it fully today but there is a class that myself and Jim Burgess will be giving later in the class on budget impact analysis that will hit on some of these issues. 

So here is the outline for today’s talk. Let me give you a brief introduction. I am going to talk a little bit about the methods. Like I said, I want you to be familiar with direct measurements. Often as we develop new interventions there is not where we can go to understand their costs so we have these direct measurements. I will talk a little bit about some of the other methods too. 

Then there are some critical assumptions that we build into these models especially for cost effectiveness analysis. One if on efficient production and economy to scale and the other one is going to be on quality. I will give you an example in a little bit of a non-health case example that will hopefully drive that home. At the end, I will give you some examples. I tend to go quickly so hopefully I will slow down a little bit too now that I have a lot out there. 

So the focusing questions, especially if you are thinking about this from one of your own studies, is what is the cost of a new health care intervention. I am going to give you two example questions here and these drive the examples that we are going to have later on. 

One of them is we employed, in a randomized trial, outreach workers to improve cancer screening. So one of the questions is what does it cost to employ these outreach workers. We have done a similar study using health coaches to improve chronic disease management. So you can think of that as sort of a liber innovation. 

Another one might be much more of a capital innovation. In this case, the developers at MIT and this guy developed a robot for stroke rehab. So one of the questions is what does it cost to use this novel robot for stroke rehab. So this is not really so much a labor intervention, it is a capital or investment intervention, and we have to understand that cost. 

Let me talk a little bit about the outreach workers. A local hospital routinely performed pap smears in the emergency room when clinically indicated. The problem that they saw was low rates of follow-up among abnormal pap smears. They were getting about one third of the population coming back. This was a hospital in the East Bay in California, in Oakland. 

So they were really interested in employing outreach workers to improve follow-up. These outreach workers were designed to essentially be from the population that was being served by that low-income hospital, and then reaching out and helping them overcome the barriers that they were encountering. So the question in this case was, what was the added cost of using this outreach worker to improve follow-up. 

For the robot question, like I said, these engineers at MIT developed this highly sophisticated robot device that would facilitate arm rehabilitation after he had a stroke. Imagine that you have paralysis in your upper arm after you have a stroke and you have to figure out how are you going to do rehab. Well, there is the tried and true physical therapy method, but there was this belief that the robots offer this very precise, repetitive action that were often, in theory, better at helping the patient improve. They could work on direction, speed, control—so the question here is what was the cost for this robotic-enhanced rehab. 

So you might have your own example, but keep those—if you do not have your own example. Keep one of those two in mind, and we will go through as we develop it. Now for both of those examples, there is no place that we can turn to and say what is the cost of a robot per patient that goes through these systems. It just does not exist. There is no data base that has it. You cannot get on the web and see or text Google or figure out what this costs. So you have to use micro-costing methods. 

Let me jump a little bit more into the micro-costing methods here and I will walk you through the method. The term really refers to a set of methods that researchers use to estimate costs. As I pointed out earlier, we have to do this because costs as we think about them are not readily observable in a competitive market. It is not like you can say what is the cost of a gallon of gasoline and many of you might exactly know what the cost is because of your purchasing patterns in the last week or month. We do not have that with this kind of thing. 

There are three, what we think of as, commonly used methods. We often get involved in the direct-measure and research because the intervention is really a novel innovation that is not widely used. Now if you have something that is more widely used, you might end up thinking about things like let us use a pseudo-bill and capture the services using billing codes and assign those costs to billing codes. So perhaps you are just re-bundling packages or services that were already existing and you are thinking what is the cost of this bundle.  

Perhaps there is an intervention that was tested in a different system that has a data set associated with it whether it is Kaiser, or perhaps the Anarbor Health Plans, the University of Michigan Health Plans—then you can use that data and the statistical techniques to extrapolate and say a little bit more and say a little bit more about what those might cost in other systems. In that case, you might use a cost regression. But in both the pseudo-bill and the cost regression, the key issue is that there is existing data out there that you can use to try and estimate the cost. 

So you are going to have a choice here. Obviously, as I pointed out, data availability might drive your choice right off the bat. You might say this robot is really novel, no one is using it yet, there is no system that has employed it so I cannot use an existing method. Then you are going to have to think about the method feasibility and appropriate assumption, and then we will get into this issue of precision ad accuracy which does matter. 

For direct measurement—and like I said, even what we get involved in and projects here at HERC involve direct measurement. I think of four steps and these four steps hopefully will make sense to you. I will give you an example in a second. One is that you are going to specify the production process and then you are going to think about the inputs for each process. Those inputs may be things like labor and they may be things like supplies and so forth. Then you are going to do the prices. You can quite quickly see that this can be tedious especially if this process is very complicated. 

So here is an example that hopefully everyone is familiar with whether all you want to do is make a bowl of cereal or you want to make a more complicated dinner. So what is the process of producing a meal. Well, you have to get ingredients. You have to use equipment. You have to cook the meal, and then you have to clean it up. Whether in health or cooking, there is a natural sequence of events. You have to think about each of these sequences—okay, so what are the ingredients that we need, what is the equipment that we need, and do not forget the clean-up. So you can link these to costs of cooking. So for the ingredients, you have to buy the ingredients or for the space or equipment, you can either buy it or rent it. Then there is the cost of cooking. Maybe it is the cost of utilities. Then there is the cost of the clean-up. 

Here is a key issue and it really drives home when you talk about food. People understand it implicitly in food is in I could say to you that you are interested in making food—let us just take a hamburger. It does not take long for people to realize that wow, there are sufficient scales here. If they go out and they find Kobe beef or they find a local producer in Vermont that has a special cow and they figure all of this out and it is artismally brought to market, there is probably not as efficient use of resources as if you were McDonalds and you could think about well, we are going to order containers of beef from China, or wherever it might be. So you can think about those. 

Now of course, sometimes you would say there is a quality trade-off. So these are really tricky to figure out. So what is the efficient and quality trade-off especially for a cost-effectiveness analysis? You are going to have to make assumptions here. This is a fork in the road for implementation science and in the cost-effectiveness analysis we are going to make assumptions that allow us to talk about this in a broad-scale, national level. Implementation science researchers really want to understand these nuances here to say maybe why does it work so well if you are a small producer or a small restaurant but not a huge restaurant. And what are these efficiency quality trade-offs? 

So you can take the issue of efficiency and quality in cooking—and maybe I have gone a step too far—but you can think about things that would make this really effective. You know good equipment, good knives, good stoves, skilled laborers. So you could imagine these issues where you could say maybe we could be much more efficient if we hire skilled labor and we train them well, especially the chefs and the sous-chefs. There are these questions about learning by doing because if every time you are doing something novel and new, it is really hard to learn that. There is teamwork involved in these things. So these are some really interesting questions here especially when you get into like specialization and specific skills, and food, and proper preparation and the client flow and so forth. 

These issues really do transfer to medicine. It is not perfect, and what I will point out here is that there a couple of features inn medicine that make this really hard. One is that every patient—if you are a physician, every patient that you see is not exactly the same. They respond differently to certain treatments. So we think of issues of both uncertainty—and that would be the issue of will the patient respond to this. Maybe you have an SSRI and the patient has a mood disorder and you are thinking about how to treat his patient. Well, sixty percent of the patients respond to this but maybe this patient is not. But that is the uncertainty and then there is the issue of risk and what has happened to the population and who is a risk and so forth. 

So these issues—you have to think specifically about health care. The most famous article in this area is from Ken Arrow who won a noble prize for his work. He is an economist out here at Stanford. 

So returning to health care, I hope you are okay with that slight segue into food. Hopefully it gives you a grounding for thinking about how you are going to do micro-costing. As I said, efficiency and quality are really important in health care. The other thing that is really tough about those two issues is that they are often unobserved. So when we get into this issue of the robot that we are going to talk about later on—for the stroke rehab—the quality is something that is really hard to observe. 

We did a foresight trial and often you will see differences across the site. The question is, is that a quality issue, or is that just an efficiency issue? It is hard to distinguish those two and often you cannot easily distinguish or observe them. So we will talk about those and we will get back to this issue later in the talk. 

So here is the cost of producing health care. Now I am going to give you an example and in this case it is going to be surgery. Surgery is nice because there is a defined set of time periods when you are doing production. You have got a pre-op time period, you have got an operation itself and the surgery, you have the post-op care, and then you have the discharge. 

Now I have broken surgery into four unique categories. You could quibble with this until maybe there were five or six, but in each of these categories you have to think about the different things that happen in each of these. There are also time-horizons when we think about producing health care. I will say that there are fixed issues when it comes to cost and variable issue. 

So think about labor. Often in many of these cases, labor is variable. You might think that the facility has got fixed costs to run the facility, but that fixed cost is really only fixed in the short-term. If you were to say that over the lifespan of a hospital, we build new hospitals. We do other things like we can choose whether to have an ICU and how many beds to have, so those things, in the long run, become variable. So just not to get you confused about that, it is common that accountants think about those things differently. But think about each of those—the types of costs that you are going to have in the segments of the production. 

So here is the issue of precision. You might say—coming back to our example of when we were talking about the outreach workers. Let me say that we issued two, full-time employed, so that is FTE equivalent staff and they each work with a thousand participants. We can easily capture, whether it is through the payroll system, and say that maybe with the cost of these employees—they are fifty thousand dollars each with their benefits—we can say that is one hundred thousand dollars a year to run this intervention. Now you might have some other issues too like supplies and so forth, but typically, for at least that one, it was mostly labor. 

The less precise method—but not necessarily wrong—is just to say well, you had one hundred thousand dollars in costs, and you had one thousand participants, so truly it is just one hundred dollars per participant. It does not vary by participant. The method here that you are using is assigned the same amount per participant. 

The more precise method is to track the intervention time per participant. Here you have to—and I will show you an example here of what we did. You have to work with the outreach workers and figure out how much time did they spend with each woman or on each woman’s behalf. So this is a tedious effort, but it is more precise. 

Precision, as you can imagine, is expensive. So this is the client contact form that we worked with our outreach workers to develop. There is a slight nuance there that I will say is important. When you get the outreach workers or your people who are going to be collecting the information investigated in helping you design your form, the idea is that they are better at giving you more accurate information on that form and feel sort of compelled to do it. So we have both this form that we developed with them and they had to meet with managers weekly to review their data. So there is a huge quality/effort component about trying to make sure that the data coming in was accurate. 

I just want to make sure that people under the distinction between—we often use the terms cavalierly precision and accuracy. If you look at point A on the target and point B on the target, the center of the target, the red zone, is accuracy. That is sort of the truth. A and B, neither of them, is more accurate than the other but A is more precise. They are tighter and there is less variance in there. So if you want to understand slight nuances about that variance, you have to pay for that and that is effort. 

One of the things that we did for another one of our studies—so this is the Spinal Cord Injury Vocational Program. Again, people with spinal cord injuries back to work. This was a VA study. We worked with the site to implement a CPRS App. Now CPRS—if you are not familiar or you are not in the VA—is part of the medical record. So this way every time they are working with the patient on the vocational program, they can keep track of effort and what was going on in that setting. So this was an idea that this provided that promoted rapid ascertainment of information in a format that they were already using which was electronic medical record. 

So instead of giving them this separate sheet and saying, please can you go out and collect this each time—you can quite quickly imagine that if you are busy, you might do things like wait until the end of the day, wait until the end of the week, you know, like all of us, people procrastinate. So the more you procrastinate, the less accurate you are. So building things in—if you can build it into CPRS or into the electronic medical record, it can improve the accuracy. 

So there is a precision pay-off. There is a trade-off here. As I mentioned, the precision is expensive and the benefit you get out of precision, if you do it, is subgroup analysis. So if all you track is that you had one thousand participants and it was one hundred thousand dollars per for the intervention, you cannot do any subgroup analyses. There is no way to disentangle for whom it is more effective and less expensive because you have just assigned everybody the same uniform cost. So you have to think in perspective about whether it is really worth my time collecting all these details. 

Now there could be things that dictate that. Maybe you have a very small study and the idea of a subgroup analysis just does not make sense statistically, sample size wise. Then you might say well let us just use the less precise method, and we will get the same answer. We just cannot do the subgroups. Conversely, you might have a larger study—maybe it is a thousand or two thousand patients—where perhaps risk varies across these patients. In that case, you might be interested in the subgroup analyses. 

Hopefully, the precision pay-off makes sense. You have to make the decision at the start of your study whether you want to track the specific effort involved at each person level or whether you want to do it at a broader program level. Now I will give you an example at the end of lecture about subgroups and hopefully drive home why this matters and what you gain if you do the more precise method. 

There are some nuances here when you are doing direct measurement and thinking about personnel. Now research staff—let me say that you created a small research study, a randomized. So the research staff produce several products. Some of those things are developing or doing the intervention and some of them are not research, things that you might be doing specifically for that research study. You have to try and separate those two for cost effectiveness analysis. You do not want to think about—because in practice when this practice if it becomes adopted, they are not going to have the research component, they are just going have implementation cost. So you are going to have to try to segment those two issues out. 

The other thing you are going to try to do is try to measure the cost when the program is fully implemented. Now again, this is a distinction between cost effectiveness analysis and implementation finds. The implementation scientists might be saying wow, I am really interested in the learning curve of this intervention and figuring out—maybe when they started they were really inefficient or slow or just learning the system and we are interested in the shape of this learning curve. You are doing a cost effectiveness analysis. You are less interred in that and trying to think about what really is the cost of this program when it is fully implemented and running at full speed. 

Personnel costs—so think a little bit about how you are paid personally. If we change your pay, it can not only effect the quantity but also the quality imparted because it attracts different types of people. So if I said to you—and in your research you are probably getting paid something like a salary with benefits. If I said to you, we are going to give you a base-salary that is half of what you make now, but I will give you ten thousand dollars for every first-author paper you publish in a tier one, sub-specialty journal, and twenty thousand dollars for every paper you publish in the New England Journal or JAMA. You can quite quickly think about how this would directly affect you or productivity. Boy, those are strong incentives. 

Well, those incentives work exactly the same if you are going to have your study. I have yet to see a study where they changed these incentives, and I would love to see it. So when we do things like the outreach workers or the coaches and those types of things, typically because there is a feasibility about how to get the study off the ground, those outreach workers and those coaches are just paid a salary with benefits. One of the questions is how are they going to be implemented in the real world and in the practice. 

You have to think carefully about that. We often do not know how changing those pay incentives would have change quantity and quality; we just know that they would. So you have to be careful about that. I think that the only standard there is to just report when you are publishing your paper or your underlying assumptions or how your data were modeled and on what type of data generating process. 

So in our case, it is the salaried person. Like I said, if you change your personnel pricing, you have to think that maybe it would affect the pricing of it but it could also affect the quality or the effectiveness of the intervention. If you are in the VA side of the house and you are particularly interested in labor costs and VA, we have done some resources on wages and you can go in there and see what the average cost of a physician or the average cost of a physician’s assistant and you can get those tables. So if you wanted to estimate the cost of labor in the VA we have given you hourly estimates for that. 

Bureau of Labor Statistics—so it is another governmental agency, not the VA—is another place where you can often get salary information that is broad and gives you information. There is another issue here when you are getting cost effectiveness balances is that you are trying to think of it at the national level. So we have to take great care in this in the Bay Area because the Bay Area wages are higher. They are about—now at least in medical—seventy percent higher than the national average. So you would not want to model your national intervention cost based on San Francisco labor. 

You would want to extrapolate and say well, if you had an outreach worker out here and they were paid twenty-two dollars an hour, you might model that through but that is the San Francisco wage. If you take that to a national average, here is what it comes out to. We figured that out. The personnel costs really mattered in this case. 

So hopefully at this point—and I am going to stop for a second and make sure that there are no questions on direct measurements. Hopefully, giving you the sense of cooking—I find people resonate well to that because almost everybody cooks. Some people cook better than others, but that is the quality issues not necessarily the cost issue. 

Any questions Christine? 

Christine:	There is one question about direct measurement. It is how can we use this approach to predict costs for a proposed project versus estimating costs for an approved or ongoing project? 

Todd Wagner:	That is a great question. So if you are trying to predict costs—and there could be a couple of reasons that you are doing this. One is that you could be writing a grant proposal and you want to get some estimates about where you think you need to spend more time collecting cost estimates. That might involve talking to experts in the area about what they think the real cost drivers are. 

But if you are trying to make predictions for a large cost effectiveness analysis that you want to publish, either you have to turn to existing data or extrapolate from existing publications. 
So you are in a real challenge if you are thinking of this new intervention for which there is no cost data. You are almost setting yourself up for some sort of cost determination model itself. 

Now you can about this, if you were doing a cost effectiveness analysis and you were curious about the outcomes, you might do a medi-analysis. Well you could do the same thing for the cost as long as the cost data exists. 

Hopefully that answered that. Any other questions? 

Christine:	That was it, thank you Todd. 

Todd Wagner:	Sure, so we are going to talk a little bit about—let us say that you have a cost data set. This one is a much shorter example or method that I am going to talk a little bit about here. You have to, as I said earlier, have existing data that you can use a regression on that gives you information about the marginal costs of that intervention. As I said, the caveat is that you have to have existing data and you have to believe that your existing data is accurate. It does you no good to get data that is not accurate and then model off of that data. Sort of the garbage in/garbage out. 

So here is an example that we did. We were interested in a randomized trial for telephone case monitoring and whether that improved substance use care relative to usual care. Well VA, as you know, was doing a fair amount with telephone case monitoring, and at that time it was the DSS data. Now we know it as the NCA or the Nagerial [sic] Costa County data sets. These are activity based Costa County data sets. So the activity base meaning that they are tracking different activities much like a direct measurement approach. 

So they are tracking these different inputs and they track costs at the telephone care level. In this randomized trial, we noticed that the intervention average nine point one telephone visits and the control average one point nine phone calls. So a difference in mean number of phone calls was seven point two. It was highly significant so we were curious what is the cost of this? 

At that time, then we said we need some data that can help us inform of this. This is great. We talked to people and we believed that the cost data were relatively accurate at that point. These are clinic stops 543, 544 and 545 and so we summarized the cost data into a per person level and we built a regression model. So the key issues—the dependent variable is the total cost at the person level and then you get the number of phone calls, and you have to be careful. So thinking about regression, what you are getting here is the change in total cost per change in unit phone call. So that is the—as each additional phone call changes, your costs go up about ten dollars and fifty-three cents, and you see that is statistically significant and we included a whole bunch of other things that might affect costs. 

I will give you some other issues here. You are clearly in the mode here of cost data regression analysis with all of its challenges, problems and skewed errors and so forth. So that is one way of handling this type of analysis is to say what is the cost per phone call. 

So, as I said, you have to believe that the data, and the cost, and the work load information are accurately captured. If there is a great data set out there but you think that it is not accurate, you have to be careful. And that puts a little bit of the burden back on the researcher to do a little bit of triangulation to make sure that you are not just using garbage. 

The accuracy could also vary by location. The other thing that we have to be careful about when we are dealing with the MCA in these activity-based cost accounting systems is the cost is a local cost. There are maps that link exact personnel to exact products and patients. So if you had focused specifically on Palo Alto in your study—let us say that your study was Huston and Palo Alto—you would not want to combine those two because the wages in those two areas are so different. So you have to think about that location difference and you could adjust it by the wage differential, or you could adjust it to, let us say, by using a site [_____ 00:30:28] would help too. And then again, your costs are going to be biased toward zero if the workload is not being captured or accurately mapped. So just be careful about all of these statistical assumptions in this method. 

As I said, there is a large literature in analyzing cost data. The cost data tend to be highly skewed resulting in a number of questions about whether I use just OLS. Maybe I do not use OLS. Maybe the data do not support OLS. Maybe a GLM model is better. If it is a GLM model what is sort of the link function, the family, and it gets challenging here. All of these things sort of bring up—and there are some papers here. we can help you through it if you work in this area about how to do the statistical analyses with cost data. But typically you end up doing things about like the box cox transformation to figure out what is the right distributional fix for these models, and the length functions and so forth and then you can go from there. 

So this might be a great approach. It might be much faster but then you have to put more attention on the regression side of the house and to thinking about the analysis.  

So I wanted to take a break here and move onto this issue of efficient production and economy to scale, if I may. Do we have any questions Christine? 

Christine:	No, I think that we are good. 

Todd Wagner:	Okay, great, and if you have questions, again, keep typing them in and I think we will have time to address these as we get to the end. And I will take another stop before I hit the examples. 

So you will hear this term, economy to scale or scale economies and here is an example. We created a health guide for a randomized control trial. This was a small tried. We paid fourteen dollars per guide for one thousand guides. If we order more—let me say that we were the Los Angeles County Health Department we would be ordering much more than a thousand guides. Now every time that the order goes up you can imagine that the cost per guide decreases. Eventually when we talked to the people selling us the guides they said at some point if you are big enough, the cost is three dollars per guide. That is about as low as you are going to go. 

So in this study, which cost estimate should we use for a cost effectiveness analysis? Here is a questions for you all. Do we use the fourteen dollar per guide for the cost effectiveness analysis, three dollars per guide or something else? So Heidi, I am hoping that you can help me with the poll here. Try to keep people interactive. 

Heidi:	Yes. 

Todd Wagner:	No, your email is calling you. It never stops. I think I have gotten ten since we started this. 

Heidi:	It is amazing. So responses are coming it. Give everyone just a few more moments before we close things down here. 

Todd Wagner:	I know it can wait though. 

Heidi:	They should be at the session listening to you present anyway, so. 

Todd Wagner:	I am not so—I am not always sure that they are always listening to me, but if they are interested, hopefully they are here. Okay. 

Heidi:	It looks like things have slowed down, so what we are seeing here is twenty-six percent saying fourteen dollars per guide, seventeen percent saying three dollars per guide, and fifty-seven percent somewhere in between.

Todd Wagner:	All right, and here is the distinction—again, the real issue comes up for the cost effectiveness analysis. If I were saying for an implementation study, then it really depends on the size of that site. So this is one of those, you go off a deep end or off a cliff if you are in implementation science because you might say, hey well the volume of the site really matters. We have got in our study some small sites and some big sites and so maybe the budget impact for this site really depends on its volume. For our cost effectiveness analysis that we are trying fit sort of nationally, the answer here is three dollars per guide. We are trying to say that at a big level if it was being implemented and adopted as wide scale, what is the cost that you should use. 

Now you can do sensitivity analyses as Kieren Fibbs (PH) has talked about before to provide—let us say that you are a tiny producers or tiny heal care provider and it is more expensive for you. How does this change the cost effectiveness results? You can do that but generally speaking here for sort of the broad paper that we did, we used three dollars per guide. 

So here is the idea of economy to scale and you hear about this from time and time—you know firm merge. I used to give the example of when Hewlett Packard bought Compaq. Probably many of you do not even remember what a Compaq computer is, the brand. That is how old I am getting. But there are these firms that merged because the belief is that they have economy to scale and it is said that by merging they can have perhaps less administrative costs. So as you expand your quantity of production your unity cost goes down. That is the idea of increasing returns to scale. 

At some point there is a belief that you would become [_____ 00:35:52] to some sort of constant returns to scale and that increasing your unit production really does not get you anything additional. It is also argued that at some point that curve could arguably start going back up such that if you get so large as a company that there are all sorts of other problems that creep in. Whether they are sharing information, management, internal politics or other things that make being really big inefficient. It is not necessarily the same problems as being really small, but again it increases the cost per units. So for cost effectiveness analysis you want to be working and estimating the cost where that curve is flat.    

In this example that we have done, we have made the assumption about efficient production and we used that three dollars per guide. I want to make it specifically clear here, the quality is unobserved. We did not make any assumptions about quality and work and work that work changes with quality. We just talked about how the cost changes with volume. One would make assumptions that the guide that you bought at three dollars per guide at high volume is the same guide that you bought at fourteen dollars per guide if you are a smaller buyer. 

You can think of probably other scenarios by which the quality would also change. So you have to be careful about that especially if you are into just a non-supply purchase—you know, labor specific. So changing any of these assumptions about cost could affect your quality and you have to be very careful that, and as Kieren pointed out, if you believe that is the case, then you have to try to model that for the cost effectiveness analysis. 

So I am going to take a stop there. Hopefully, if you are doing a cost effectiveness analysis you get the idea now that I have sort of said it a couple of times is that you want to be using the cost where it is efficient production and economy of the scale where it is constant. The differs from implementation science research—I just want to make sure of that. 

Any questions Christine? 

Christine:	Not on this direct topic. We had a questions about the cost regression approach which we can also save for the end. 

Todd Wagner:	That is great and thank you. And if you think it is specific to a study or something we can also respond specifically afterwards to that person. 

Christine:	Actually Todd, we just had a question come in on this topic. The question is would the three dollar per guide cost assume a learning curve which estimates to ten thousand units or some other large number that we do not know about? 

Todd Wagner:	Yes, and your question—this person is asking a great question. Cost effectiveness analysis is often being used when we are talking about adoption of a new technology or payments. So historically these were done for pharmaceuticals when you thought about is the cost effectiveness for us to adopt and pay for this new drug. The idea of cost effectiveness analysis and the way that it has been described in the economic literature—it is a whole range of things that could change across these productions but become much more nuanced as you deal with things that are not just pharmaceuticals with a production of itself that is highly regulated. So in this case, your point is well taken that we made assumptions about how it is to be rolled out nationally with the health guides and use of three dollars and that is the one that we published on. And you might say, I am really interested in what happens in small system or—and we can do sensitivity analysis to address that if you wanted to. 

Hopefully that answered that or I can juice the heck out of it if you wanted to. 

Christine:	Well if it did not answer the question, please feel free to write back in and we can clarify. Todd, there is another question. So when we are looking at a longer time horizon—I think this is a little bit related to, you know, if we are thinking about expanding the scale or the scope of a project. If we are thinking about personnel costs, do we need to factor in turnover because it would affect the cost of training and costs. 

Todd Wagner:	That is a great question. As many people recognize, as in most lives and jobs, there is sort of a steady-state turnover and the question is about do you include some sort of turnover or inefficiencies in the production and supply of the labor. 

I think generally speaking, you could try to understand those but they might be very hard to observe. It is like saying, does a good boss matter and we all know that bosses matter. And they matter a heck of a lot. So it would be ingenious for me to say bosses do not matter and we do not need to include that. In the example that I am going to present to you in a second what we do is we have ongoing monitoring of the outreach workers and we specifically include that cost of those weekly meetings here. We believe that even if the outreacher quit and left, and you brought another one on, through that ongoing work they could get up to speed relatively quickly. Again, that would be a distinction I think for you to question if you were doing implementation science and you are in a field where there is high turnover. 

The question is about is it because there is high turnover because of the wages being lower. You can imagine a scenario where you could think about well, what if we paid them more. But again, you get into this issue of you do not really know the net effect of that. Do you have anything to add onto that as a labor economist, Christine. 

Christine:	No, I do not. I think that was great. 

Todd Wagner:	Okay, so let me jump into two examples, and we will address more questions as we get to the end here. So we have about 17 minutes, so let me see if I can get through them. I think there are about 20 slides left. I set these up at the outset, and we have touched on them throughout.

So one is to estimate the labor cost by direct measurements. This is this outreach intervention. I have since done another study looking at the health coaches here at San Francisco General. Linda Engelstad is the second author on this one and was a clinician at Highland Hospital in Oakland where this study took place. As I said, it is a local county hospital—for those of you who are not familiar with the Bay Area. Although you might be if you are a Warrior’s fan because that is where Oakland is. It is a very, very diverse county, Alameda County. The county hospital handles a large number of very high risk people. 

In this emergency room, they were noticing a lot of abnormalities as patients were coming through the emergency room with pap smears. The problem is that they were also getting terribly low rates of follow-ups among abnormal pap smears. Now this might not make sense to a lot of you, right. I am not a woman but you could talk to a person about any type of cancer screening and you get a letter from your provider saying that we have an abnormality that we would like to follow you up with. Only one third of the patients were getting follow-ups. 

So you can imagine a whole set of scenarios as to why that might not be happening. One is, maybe they never got the letter. Two, maybe they did not understand the letter when they got it. Three, maybe everything else was happening around them and they intended to get follow-up but they just never did, or they did not understand how to get through the system. So you could think about a whole set of barriers and challenges to get them to this follow-up. There is not an easy solution to this. It is not like saying, hey, we are just going to use Uber and pick you up because that might only be addressing the transportation issue and not necessarily other issues.  

What they came up with is what is the cost of using an outreach worker to improve follow-up. This is, as I said, an incredibly diverse population. It is one of the largest Filipino populations in the Bay Area and a very large African-American population. So they employed outreach workers who were about the same age and racial/gender make-up of the people that they were reaching out to believing that this would help connect them and address the issues that they were dealing with. And if there were trust issues, that this would help with that trust. 

So we evaluated the cost effectiveness’ of usual care which was just the mailed postal reminder with this very tailored outreach intervention compared to usual care alone. So if you were lucky enough to get the intervention, you got both a mailed reminder plus this outreach worker. 

Then the second question that we had was when we see abnormalities for pap smears, there are different types of abnormalities and maybe the patients were responding very differently because they knew that too. Maybe they were making assumptions too—hey, I keep getting this abnormality but every time I go in it is just the way that my cervix is and the way that I am. We were very curious whether is varies by disease risk. So it was a randomized control trial. I

If you were an implementation scientist, this was a step-wedge trial, and I will explain that to you. 
So the usual care is that they were notified by telephone or mail depending on the degree of abnormality. So they were notified by telephone if there was a high-degree of abnormality. Then after six months, they got the intervention as well. So that is sort of that step-wedge design, if you will. 

Because of the way we were doing this was a quality improvement effort even in the study—I think it was started in 1999—we got through the IRB that we did not have to do consents because everybody was getting the standard of care and we were doing more than that. Then everybody was eventually going to get more than that; it was just the timing of that. So the intervention was the outreach with the tailored individual counseling and we wanted to use direct measurement to understand these costs. 

So method one—the easy method that could have chosen which we did not—we would have assumed some of all the intervention costs and divide by the number of participants. That would have been the easiest but that would not have allowed us to do what we wanted to do which was the subgroup analyses. So we estimated the cost of the intervention per patient which was very hard. So if you want to ask the question, was this intervention more cost effective for any specific subgroups, then you need to use this more detailed method too which I talked about. You saw the form that I gave earlier in the slide which we collected with one of these studies as well. So those were the kinds of forms that we were using. 

So here is the intervention—so the outreach worker cost—and you can see this is a randomized trial. It is relatively small so 348 people. The outreach workers cost was one hundred forty-two dollars per person and this was two thousand two dollars. Obviously, in usual care we are only modeling this up through six months. At six months, they get the intervention but we are, at this point, just comparing what happens through the first six months. You get the travel costs and the cost per mile and we had a space at the hospital that these outreach workers could use with supplies and so forth. 

There you see the cost per quality assurance. So there is a fairly high cost for quality assurance per person. That is the weekly discussion about are you able to get your forms completed, checking the forms and making sure they are completed and if there is missing data, filling it in. We believe that was not just a research endeavor but really a necessary quality endeavor for the intervention itself. So that is why the amount of those costs. 

If they were just collecting research information and we were just wanting to make sure that they were doing a good job collecting the research data that we needed, we would not have included the quality assurance cost. 

So they ended up with a total cost from a societal perspective of two hundred fourteen dollars for the intervention compared to ten dollars and ninety cents for the control. So that difference of one hundred and ninety dollars is a lot of money for a county hospital. You know, one that is incredibly strapped and trying to figure out how to keep its doors open every year. So then the question is, is that worth it? 

Let me show you the effectiveness data here. So time is on your X access and then follow-up—after six months, the control group was right around thirty percent, thirty-three percent. That is exactly what we had seen historically at this facility. At about six months in, only about one third of the women are getting follow-up for their abnormal pap smear. Right off the bat, you see a huge difference that is very significant. It is almost twice that for the intervention arm. So almost two thirds of those people are following up. 

Now you see a continued slight up-tic in the intervention arm at 12-months. It eventually gets up to almost eight percent. Now keep in mind that at the dotted line there, at six months, the blue control arm now starts to get the intervention arm and that gap starts to narrow. So that is the step-wedge there. What is interesting is that at 12-months—now they have not followed this out for another 12-months. We stopped the study at this point. So the question would be, did those two group ever come back fully together. We do not know, but you get to see that the intervention seemed to work, and there are couple of different ways that you could see that it works. One is just that at six months—but then you were able to get people in at 12-months among the control group. 

The cost per follow-up, so your incremental cost per follow-up, if you will—and if you were a traditional person who does cost effectiveness analysis you would like to take quality adjusted life year. That is what we have talked about in prior classes, and this right here—why are you talking about cost per follow-up. How will I interpret that especially if I am trying to compare a cardiac surgery intervention versus this intervention, and you are right. If you wanted to, you would have to model this out to say how many life years did you save and so forth. And we had actually talked to—there are a number published model in pap smears and we had talked to some off those people about whether we could use their models and what would it take to use their models to extend them for this population. Eventually, we ran out of grant funding to do that, but that was the intent. 

So keep in mind that there are limitations on sort of what we are looking at as the incremental cost per follow-up. But if you look at severity—for those of you who are not familiar with pap smears, the ASCUS/AGUS is the lowest level severity. The HGSIL is the high grade lesions. So those are the most pre-cancerous lesions. You will notice that the incremental cost does not change a whole lot for what is happening here, but the follow-up is much more effective for this group of people. So what you notice is that the incremental cost per follow-up changes dramatically. 

Now if you only captured the incremental follow-up and the probability of follow-up, you could say well maybe we could have just known that if we had this straight average cost per person in the intervention arm. But you would not know for sure if the intervention arm varied by severity. In this case, we can actually show that it does not vary that much by severity, and we can show you the differences there. So this actually worked out to be most effective or surprisingly effective for those people with a high-grade lesion. 

Anecdotally, when we talk to the intervention, the outreach workers, and ask them why was it working so well is because there was a lack of knowledge among the people receiving these letters about what they meant. They did not really correlate the letter with what they needed to do and the timeliness of it, and the importance of it with everything else that was going on in their life. So the outreach worker in this case was able to sort of drive that home, and then help them to connect the dots to get the follow-up.  

So that is the end of the first example. Any questions that came up? 

Christine:	Yeah, we actually had one clarifying question. Can you go back—I think it is one slide—to the—one more—there, the unit cost. So we had a question here about how you collected costs for the intervention. It looks like here you had 178 people in the treatment group. 

Todd Wagner:	Yes. 

Christine:	Now when you calculated the outreach worker costs, how is that calculated? Was is total time spent divided by a certain number of hours? Where does that number come from?

Todd Wagner:	I am sorry, I lost you a little bit there. So when you say the number of hours—go ahead. 

Christine:	I think the question was—and I just want to clarify for this person—that the 178 was the number of people in the intervention group. But here you are estimating the cost of outreach workers to be one hundred and forty-two dollars. Now is that the cost of an outreach worker per person in the treatment group or how is that calculated?

Todd Wagner:	Got it, so for each of these we had forms that the outreach workers helped us design so that they were going around tracking the exact information. So if they speak 16 minutes with a woman—so we had instances where they were spending three hours with a woman, solving transportation issues, all sort of issues, childcare issues. In order to get them in, we had times where they would go to their home and ride the bus with the woman back to the facility so that the hospital could get the follow-up. So we tracked at the specific patient level, all of the things that they were doing. Now there were things that they did on the woman’s behalf. 

So the woman might say I do not know how to call for a follow-up appointment and the outreach worker would say, I will do it for you. So in that case, they might spend time with the Highlands admissions people—or the clinic people—figuring out how do I schedule an appointment for this woman, they would get the appointment scheduled and then reconnect with the woman and tell her. So even in that case, we tracked the time. 

Does that help? I am so if I…

Christine:	Yeah, I think so. So then that outreach worker cost corresponds to about the average cost per person. 

Todd Wagner:	Yes, sorry, so that is the average cost per person and it varies considerably. So in some cases it was just a matter of reminding the woman that they had to go in. Then you had the other examples, as I said, where they are spending hours with each person trying to help them understand the scenarios and figuring out how to deal with these barriers that were unique to that person. 

Christine:	Perfect, thank you, our next question has to do with slide 44. 

Todd Wagner:	Yeah. 

Christine:	Is this the one—yeah this is the slide that we are on. Here you—there is a difference between the societal perspective and the provider perspective. Can you clarify what that difference is and why the cost is different from each perspective? 

Todd Wagner:	Okay, so the provider perspective is only interested in things that the provider would pay for. So in this case, the big cost that the provider would not pay for would be patient travel costs. So if the patient had to take things like buses, or taxis, or their own car—and you figure out the mileage and so forth—those travel costs plus the time of travel is not a provider perspective issue. That is a patient issue but you would still need that for a cost effectiveness analysis for the societal perspective. 

So when we do these types of administrative data bases for cost effectiveness analysis alongside, you know, VA trials we often calculate the miles between a person’s home and the VA facility that they went to. Then you can translate—I think the most recent one I have—for every 45 miles you might say that is an hour. There are more specific ones if you are able to link exact driving times and exact locations you could then figure in things like traffic patterns, and so forth, on average. 

It gets complicated. You know you can go overboard on the travel costs but generally speaking they tend to be relatively small components so I urge you not to go crazy on that component. 

Christine:	Thank you Todd. 

Todd Wagner:	Sure, are people—hopefully, at this point I can go on to the robot. 

Christine:	Yes, and then we have a few questions…

Todd Wagner:	Okay. 

Christine:	…that we are saving until the end. 

Todd Wagner:	Okay, perfect, oh, we are running out of time. I am not going to get through this. So the key with the robot here is that this is a very unique piece of equipment that is developed that no one is purchasing yet. So the question then becomes is—you have to figure out what is the current purchase price and how would it be implemented in practice. The robot is a little bit different from labor in that you have to have certain patient flows to make the robot even being used at capacity. So it does not make sense here in this case if you are saying, we are buying a robot. What we said was only places that had an X number of patients with stroke would it ever make sense to buy a robot. So then we modeled the cost of that robot for that type of facility. 

If you are, for example, Walla Walla, Washington or a very small facility with a small number of stroke patients, you would never use the robot at capacity and thus the costs per person using the robot gets much, much more expensive and hence that differential. So in this study as we go through you can see on this one slide we had to figure out purchase price and financing. This is a situation where it is not so much labor is the issue, it is this purchasing of this expensive, capital equipment, and you have to deal with things depreciation. You have to get it its own room and separate circuits and so forth and so we have to figure that all out. But I see that—hopefully people have copies of the slides. Heidi, have you—that is available right? 

Heidi:	Yes, that link was sent out to everyone this morning or it will be included in the reminder that will be sent out. 

Todd Wagner:	Yeah, so I would much rather save the last 30 seconds for any remaining questions, and if I overrun—I knew I was going to do this, overrun my time. But we can address questions by email too. Feel free to go through those slides and ask questions by email, if you have any questions. Now let me just go to the last one. Here we go. 

So what we are trying to do a little bit more of, not necessarily for conversations but for updates—you know we have a new Twitter handle to announce these things so you are welcome to join it. And then CIDER does a huge number of work through their Twitter handle. They are probably more important than HERC is in terms of Twitter. So follow CIDER if you can only follow one. I know it is limited so if you can only follow one, follow CIDER. 

Any questions Christine?

Christine:	We do, I noticed we are at the top of the hour. Should we try to address them or should we maybe address the offline? 

Todd Wagner:	I think we are going to have to—I think we are at this point because I noticed that I am late. I apologize to everybody for not being able to address all the questions in the time. I think we are going to have to address them in writing and get back to them. 

So thank you so much for your attention and joining this HERC cyber seminar. If you are working with cost estimates where you are addressing the cost of your intervention, please reach out to us. Let us know if you have any questions. If you sent us a question, we will get back to you on that. Heidi has all of your email contacts, maiden name, date of birth, the credit cards numbers and so we can use the information to get back to you, right, Heidi. 

Heidi:	Well I do not have quite all of that information. We do not store credit card information here, but I will get the rest of the information over to Todd so they can get responses out on the pending questions here. 

Todd Wagner:	Thanks, I was just making sure that you were listening. 

Heidi:	Oh, I was listening. So I am about to close the meeting out here. When I do that, the audience will be prompted with a feedback form. If you could all take a few moments and fill that out, we really do read through all of your comments and use that for our current and upcoming sessions. 

Thank you everyone for joining us for today’s HSR&D cyber seminar, and we look forward to seeing you at a future session. Thank you. 

Todd Wagner:	Thank you Heidi and thank you Christine and thanks to all the attendees. 
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