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Moderator:  I just wanted to welcome everybody to the HERC cyberseminar this month.  Today speaking is Rich Nelson.  Rich is an investigator at the Salt Lake City COIN, and he's also assistant professor at the University of Utah.  He did his PhD in Economics at the University of Virginia and has sort of an eclectic background in both not only health, but also in international trade, industrial organization and labor economics.
He has it's actually a very broad portfolio of research and exciting to see what he's been doing.  Today he's going to be talking on estimating the cost of healthcare-associated MRSA infections in the VA, and this is part of his CDA award.  It's great to have you involved, Rich, and thanks so much for presenting.
Dr. Nelson:  Yeah.  Thank you, Todd.  Thanks for having me.  It's a pleasure to present today.  Thank you to HERC for having me.  There we go.  To start off I just want to acknowledge the funding source for the work I'll be presenting here today.  As Todd mentioned this is part of my VA Career Development Award through HSR&D.
I also want to acknowledge the collaborators on this work and other works that I've done: Mike Rubin, Matt Samore, Makoto Jones, Vanessa Stevens and Karim Khader here at the Salt Lake VA.  Marty Evans at the Lexington VA.  Chuan Liu at the Puget Sound VA and Nick Graves at the University of Queensland in Australia.
Before I get into my presentation I wanted to kind of get a sense of how many of you out there may have experience in infectious disease research or clinical work.  This will kind of give me an idea of how familiar you all are with some of the concepts that we'll discuss today.
If you can respond to the poll question 'Are you an infectious disease researcher or clinician' that will give me a good indicator for kind of the experience level of the audience.  Not surprisingly it looks like so far most audience members are not ID researchers or clinicians.  That's kind of what I expected.  That's good to know.  We'll give it another minute to see if anyone else responds.
[Pause 00:02:24 – 00:02:33]
Dr. Nelson:  Great.  Okay.  Looks like we're about two-thirds no, one-third yes.  That's about what I was expecting.  Okay.  That's good to know.  Very good.  Next, I wanted to do a little whiteboard exercise.  Today we'll be talking about estimating the cost of a certain illness or condition which is a healthcare-associated MRSA infection.  
This is a specific example of a cost-of-illness study.  I'd like to know what your thoughts are on how the estimates of these healthcare costs of a particular illness might be useful.  How are the results of a cost-of-illness analysis important?  What can we do with them?  If we know how much a certain illness costs how is that information useful?
Moderator:  To write on the whiteboard, at the top of your screen there is a capital T.  If you click on that and come back down to the whiteboard and click, you'll be able to type right on the screen.  You'll need to click away from what you type for it to show up for the rest of us, but feel free to fill that in there.
Dr. Nelson:  good.  Understanding cost shifts from appropriate care, and policy decisions.  Yeah.  Knowing how much a certain illness costs could certainly be useful for decision-makers.  Resource utilization looks like is another mention.  Yes, the cost of illness kind of gives us an indicator for how many healthcare resources were utilized to care for that type of patient.  Yep.  More accurate budgets.  
Knowing when interventions produce savings.  That's an excellent answer.  If we know how much a certain condition costs then that gives us an indication as to how much we might expect to save if that condition were prevented.  Burden of illness.  Good.  Estimating correct reimbursements.  Yeah, helpful as a decision-making tool to provide new services.  Good.  Let's see.
It helps substantiate the purchase and implementation of new test systems.  Yep.  It can be a component of an economic analysis which is what that person may have been thinking.  That's a very good answer.  Pharma uses it to develop new drugs and devices.  Great.  Yeah.  These pretty much hit on most of the good or the important uses of results from a cost-of-illness study.
That can provide a measure of the economic burden of a disease.  Estimates of how much money might be saved with prevention.  They can be useful for policymakers and decision-makers, and they can provide useful inputs for economic analyses like cost effectiveness analyses or cost utility analyses.  Excellent.  Well, thanks everybody for participating.  It's nice to have some audience participation.
[Pause 00:05:49 - 00:06:00]
Dr. Nelson:  Okay.  Today we're going to be talking about HAIs or healthcare-associated infections.  HAIs are infections that result from encounters with the healthcare system.  They occur in about 1 in 20 hospitalized patients in the U.S. which is about 440,000 adults in the U.S. per year.  The National Health Safety Network, or NHSN, definition of an HAI is that it's an infection that’s identified after the first 48 hours during the hospital stay.  An infection that's identified in the first 48 hours is considered an infection that the patient brought in with them.  It would be something that was present on admission or not something that was associated with that particular stay.
Methicillin-resistant Staphylococcus aureus or mersa or MRSA is a bacteria that's resistant to many antibiotics that are used to treat bacterial infections.  MRSA is actually carried on the skin or the nasal lining of roughly 30 percent of healthy individuals.  This is a phenomena called carriage or colonization.  When the skin becomes damaged and the bacteria enters the body, that can cause an actual infection.
In the community, MRSA infections are often skin infections, but in healthcare settings bloodstream, pneumonia and surgical site infections are very common.  The incidence of MRSA infections has actually been declining over the last several years.  This is a figure from a study that came out of a CDC-sponsored study last year in JAMA Internal Medicine that shows the decline in the MRSA infections both those in the hospital and in the community from 2005 to 2011.  The hospital-associated, healthcare-associated infections are the kind of the middle line there with the larger dashes.  
This figure shows that nationally the rate of MRSA HAIs dropped from about 10 per 100,000 persons to about 4 and a half per 100,000 persons from 2005 to 2011.  Now the authors speculate that the reason for this decrease may be increased awareness and implementation of local and national infection prevention measures that have occurred in many healthcare settings over that time period.
One example of a prevention measure that was targeted specifically at MRSA infections was one here in the VA.  This was called the National VA MRSA Prevention Initiative.  This was launched nationwide in October 2007, and it consisted of a bundle of prevention strategies.  This bundle included universal nasal surveillance for MRSA.  That means that all patients that are admitted to a VA hospital get a nasal swab that's then tested for MRSA colonization.
Patients who do test positive are placed in isolation.  Providers that see these patients are required to use contact precautions such as gloves and gowns when interacting with these patients.  There was also an increased effort to improve hand hygiene.  Then finally there was a big campaign to make HAI prevention front and center in everyone's mind.
There were several high-profile publications recently showing that the impact of this VA initiative.  This figure's from a paper from 2011 in the New England Journal of Medicine by Rajiv Jain and colleagues that shows the decline in MRSA HAIs in the VA both in ICU and non-ICU settings.  The prevention initiative was launched nationwide in October 2007.  You can see from October '07 to June 2010 there was a steep decline in MRSA HAIs in the ICU, but also in non-ICU settings.
This figure is from a followup study by the same authors that came out last year that showed that the decline in these MRSA HAIs either continued or was maintained both in ICU and non-ICU settings.  This data goes from June 2010 through June 2012.
One of my long-term research questions is to estimate the impact of this MRSA Prevention Initiative on the VA's budget over this time period.  A decrease in costly events like MRSA HAIs could potentially save the VA lots of money.  There was certainly a cost to implementing the prevention initiative.  An important component of the impact on the VA's budget of this prevention initiative is to know how much one of these MRSA HAIs costs the VA, and so therefore how much the VA could save by preventing those events.
This cost of a MRSA HAI will be the focus of what I talk about today.  This diagram is kind of a conceptual model of how an MRSA HAI might increase healthcare resource utilization and therefore cost.  This figure moves across time going from left to right.  The top row represents healthcare services, and the next row down represents costs for those services.  If we move from left to right, so a patient enters the hospital on the admission date.  
Sometime after that admission date the patient may acquire an HAI.  This HAI leads to potentially more inpatient days, so an increase in the length of stay, but also more services on each of those days than they would've gotten otherwise.  This'll lead to an increase in pre-discharge costs in patients with an HAI compared to those without an HAI.
Then after the patient's discharged we hypothesized that patients with HAIs will have more outpatient visits, more medication use and be readmitted more often than those without HAIs.  Each of these healthcare services will be associated with a cost.  There could be several reasons for increased resource utilization after discharge.  One is that there could be a recurrence of infection or even a new infection.
This first infection which was cleared up by the healthcare resources that were utilized prior to discharge.  Then the patient who has the infection is at a greater risk of future infections whether those are recurrences or new infections.  Another possibility is what we think of as a serious but acute condition may actually have a long-term chronic effect.  We won't get into mechanism here as to why these elevated post-discharge costs exist.  We'll just have the hypothesis that they do in fact exist.
In thinking about estimating the cost of an MRSA HAI there are two components of this HAI.  One is pre-discharge cost and one is post-discharge cost.  These pre-discharge costs can actually be broken into the direct medical costs that go into patient care but also the opportunity cost associated with the occupied bed-days from increased length of stay due to the HAI.  The pre-discharge costs are the ones that are most commonly estimated in the literature because pre-discharge data is what's often available as a data source for events that occur in the hospital.
Recently, there've been a string of papers that have called into question the method for estimating the impact of HAI on pre-discharge resource utilization outcomes.  We'll get into this in a few slides.  The bottom line is that the conventional methods that are used, the consensus now in the literature is that these conventional methods lead to an overestimation of the impact of HAI on pre-discharge resource utilization outcomes.
Then these post-discharge costs often get neglected because a lot of data sources make it difficult to follow patients longitudinally post-discharge, and so there's an underestimation of the post-discharge costs.  In what I talk about today I'll talk about using VA data to improve the estimation of both pre-discharge costs and post-discharge costs associated with MRSA HAIs.
It's important to point out that total cost of production can be broken into two types, fixed costs and variable costs.  Fixed costs are those that are associated with long-term obligations and those that are difficult to change in the short run.  Examples of that in healthcare include contractual commitments like staff employment or lease agreements on diagnostic devices and then physical commitments like investments in buildings and infrastructure.
Variable costs on the other hand are associated with things like drugs and consumables.  There're things that can be avoided in the short run.  Therefore, they represent expenditures that could be saved if an event such as an HAI could be prevented.  Variable costs are important when your goal is to examine which costs could be avoided if we prevent a certain condition from occurring.  
I still think total costs which include the fixed costs can be useful.  They do represent resources that are utilized in the care that's provided.  Even though the expenditures on these resources can't be saved in the short run, these resources do have an opportunity cost.  They could be used for other purposes.
Also in the long run all costs are variable.  Prevention of HAIs leads to fixed cost savings in the long run.  Healthcare decision-makers can make different decisions on those items that have long-term commitment.  In what I present later on we'll present both variable cost results and total cost results because I think both are, again, important and useful.
Again, my goal is to estimate the cost of an MRSA HAI in the VA and then to look at the impact, use that as a component to look at the impact of the MRSA Prevention Initiative.  There are a couple of key things that we need in terms of data to be able to estimate the cost of an MRSA HAI in the VA.  The first is to be able to identify healthcare costs in the VA.
Luckily, the VA has data available through their activity-based accounting system called the Decision Support System or DSS that makes this possible.  The DSS allocates costs to patient care departments like primary care clinics or ICUs or overhead departments such as administrative or environmental services based on employee activity.
The second thing I need is a way to identify MRSA HAIs in patients that are admitted to VA hospitals.  One possible way to do this would be using an ICD-9 code.  ICD-9 code V09 is a code for an infection with a drug-resistant microorganism.  VA EMR data that are available to researchers have extensive ICD-9 codes for those stays, so it would be possible to look for patients that had a V09 code during their stay.  The problem is that this code is notoriously inaccurate in actually representing patients with acute-incident MRSA infections.
This study that I cite down here in the lower right-hand corner by Marin Schweizer who's a colleague at the Iowa City VA looked at the accuracy of this code.  They found that only about 30 percent of patients that had this V09 code actually did have an incident MRSA infection.  The other 70 percent with that code either had a prior history of MRSA colonization or infection or had no indication of MRSA infection during that hospitalization or even in previous hospitalizations.
What's necessary to identify incident newly occurring MRSA infections during a hospital stay is microbiology reports that describe the results of MRSA diagnostic tests.  Luckily, the VA does have that data, but unfortunately that data is only in unstructured form.
That means that this information is embedded within free text.  In it's raw state it's not useable for analysis.  To be able to make them useful for research purposes one option would be to go in and do a manual chart review and extract information that might be useful.  With literally tens of millions of records though this would be extremely time consuming and not super efficient.
Some of my colleagues here at the Salt Lake VA led by Makoto Jones, Scott DuVall, Mike Rubin and Matt Samore along with help from Chris Neilson at the Reno VA created a natural language processing tool to extract organism and susceptibility information from the free text in these microbiology reports from national VA data.  Again, the great thing about this data set is that it makes it useable for researchers.  It creates structured data out of this unstructured data.
The NLP tool was run on the microbiology reports from over 100 different hospitals around the country, so again, literally tens of millions of records.  Most studies that look at cost of MRSA HAIs that use microbiology data can only do it at a single center or a small number of centers to use manual chart review, but we have access to this for the entire VA.
As a quick aside here I want to talk about some of the methodological challenges that creep up when you're estimating the impact of HAIs on healthcare resource utilization outcomes.  These concepts have been explored and explained really well with the length of stay outcomes.  In other words the impact of HAIs on inpatient length of stay.  The same issues apply when we were trying to estimate the impact of HAI on pre-discharge costs.  I'll use this example to illustrate the issues, but again, they apply to costs as well.
A lot of investigators when they're trying to estimate the impact of an HAI on length of stay compare the length of stay for patients with—the entire length of stay for patients with an HAI such as patients like Patient One in this diagram with the entire length of stay for patients without an HAI like Patient Two in this diagram.  
Not all of the days that are—not all the days during that length of stay are attributable to that HAI.  It's only the days that happen after the HAI that are attributable to the HAI.  Comparing the total days including those that happen before the HAI in Patient One and Patient Two lead to an overestimation of the impact of HAI on length of stay.  This overestimation is referred to as time-dependent bias.
There have been a couple of different methods for overcoming this time-dependent bias that have been proposed in the literature and utilized.  One is called the multi-state model.  Without getting into too much detail on this multi-state model, the multi-state model essentially is a way to track patients as they move through different health states within their inpatient stay.  Patients enter the model at admissions, and then they can either transition to an HAI state or be discharged or die without having had an HAI.
The lambdas in this diagram represent hazard rates from transitioning from one health state to another.  Those hazard rates can be used to estimate the impact of HAIs on excess length of stay and by taking into account the timing of that HAI.  Basically by treating HAI as a time-bearing exposure as opposed to a time-fixed exposure.
The second method for accurately estimating the impact of HAI on excess length of stay is by matching patients with an HAI to those without an HAI on the timing of infection.  In other words, matching patients with an HAI on a certain day with patients who had not had an HAI up until that day.  Again, it's another way of incorporating the fact that this HAI event is not known at baseline, but in fact is a time-bearing exposure or variable.
These two tables show the magnitude or the size of this time-dependent bias either by using multi-state models or matching on timing of infection.  Each of these studies estimated the impact of an HAI on excess length of stay using conventional methods where the HAI was considered time fixed or non-time bearing, and then improved methods where the HAI was considered to be a time-bearing exposure.
The estimate of impact of that HAI on length of stay was considerably inflated when using the incorrect methods.  When compared with matching on time of infection this led to almost a doubling of the size of the estimate.  For the multi-state model led to an almost 300 percent increase in the size of that estimate.  The point here is that failure to treat HAI as a time-bearing exposure leads to overestimation of the impact of HAI on length of stay.
The same thing occurs with cost.  When we compare the total cost for the entire length of stay for Patient One with the total cost for the entire length of stay for Patient Two just as when we did with the length of stay outcome we get an inflated or a biased estimate of the impact of HAIs on pre-discharge costs.
The problem is that few data sets, if any, are granular enough to allow for costs from before the HAI to be differentiated from costs that happen after the HAI.  Even though the same time-dependent bias issue exists, this is a much harder problem to solve than the length of stay issue just because of data availability.
Ideally to solve this problem we would love to be able to have daily costs for each day of a patient's inpatient stay.  If we knew how much each day costs for that stay, we could separate the costs that happen before the HAI from those that happen after the HAI like in Patients One and Two in this diagram and be able to look at those that happen after the event from those that happen before the event.
These daily costs do exist in the VA, but unfortunately at the moment they're production-level data only, not available for researchers.  We need to kind of explore other options for differentiating between costs that happen before an inpatient event and those that happen after an inpatient event.
There are two inpatient DSS cost data files that are available in the VA.  One is called the discharge file.  The discharge file contains one observation per hospital stay or per discharge.  The treatment file is a little more granular.  It has one observation per patient-treating specialty per calendar month.  That allows us to solve this time-dependent bias issue.
I'll kind of explain how we do that.  This table in this slide is an example of some data from a patient in the DSS treatment file.  Going from left to right the variables are the admission date.  The next variable is the treatment specialty start date.  The next one is the treatment specialty end date.  Treatment specialty is essentially the specialty of the provider that's providing care during that time period for the patient.
The next variable is the treatment specialty.  It designates what that specialty is.  Next is the fiscal year and then the fiscal period.  Fiscal period corresponds to a calendar month.  Then the last four variables are cost variables, so total fixed direct cost, total fixed indirect cost, variable direct cost and total cost.
This data comes from a patient who was admitted to the hospital on October 29, 2009 and was discharged from the hospital on November 21, 2009.  When they were admitted on October 29 they were admitted for the treatment specialty 53 which is the Surgical ICU.  They were in Surgical ICU from the 29th to the 31st.  On the 31st they switched to treatment specialty 52 which corresponds to Neurosurgery.  They were in the Neurosurgery treatment specialty from October 31st to November 4th.
On November 4th they switched back to the Surgical ICU or treatment specialty 53 and were there until November 5th.  On November 5th they went back to Neurosurgery until November 12th.  Then on November 12th they went to the treatment specialty 22 for the spinal cord injury and were there until they were discharged on November 21st.  There were five treatment specialties, but what's interesting is this patient had six observations.
Their extra observation came because one of their treatment specialties bridged a calendar month.  There were two observations for this treatment specialty 52.  One for the portion of that treatment specialty that occurred during the month of October and one for the portion of that treatment specialty that occurred during the month of November.  It's this unique aspect of the treatment file that we exploit to be able to differentiate between costs that happen before an HAI and costs that happen after an HAI.
In our analyses to estimate the cost of an HAI we did several different types of analyses.  One was a conventional analysis where we compared the costs over the entire length of stay for patients with and without an MRSA HAI during that stay.  Then our improved analysis we utilized this quirk of the DSS treatment file that generates a new observation for each calendar month to identify costs that occurred after the HAI.  I'll explain here how we actually did that.
First, let me talk about our inclusion and exclusion criteria for both the conventional and the improved analyses.  We included patients who were admitted to a VA hospital between October 1, 2007 and September 30, 2010.  We required them to have 365 days of observation in the VA at least prior to admission.  Then we excluded patients if they had inpatient stays that were less than 48 hours.  If you remember an HAI is defined as an MRSA infection that's identified after the first 48 hours of a hospital stay.  Patients whose stay did not last that long were not eligible for an HAI.  
Then we also excluded patients with MRSA-positive cultures in the previous 365 days prior to admission or on admission to the hospital on that day.  What we're interested in is looking at the cost of incident or newly acquired MRSA infections, so we needed to exclude patients who had evidence of a prior MRSA infection.
Given that the inclusion and exclusion criteria that I just described in the previous slide the patients that survived those criteria went on to the improved and the conventional analysis.  The next couple of slides have a figure that explains how the conventional analysis differed from the improved analysis.  I want to kind of walk everybody through this figure.
Moderator:  Rich?
Dr. Nelson:  The first column here designates the type of patient.  The next column tells us how that patient would be designated in the improved analysis.  The next column over tells us how that patient would be designated in the conventional analysis.  Then the last column just shows the time course for that patient's experience during their hospital stay.
Again, the time window for capturing costs in the conventional analysis is the entire stay from admission to discharge.  Whereas, the time window for capturing costs in the improved analysis was only from the first day of the second calendar month onward.  For each of these patients an X with a box around it indicates that that patient had an HAI during their stay.
Let's walk through this analysis slowly going patient by patient so that everyone can follow how these patients were designated for each analysis, and so therefore, how do these analyses differ?  Patient One is a patient who had an HAI during their inpatient stay, and that HAI happened to occur on the first day of their second calendar month.  The conventional analysis would designate this patient as having an HAI and we would do the same thing in the improved analysis.  This is a patient who had an HAI and was designated as such in both improved and the conventional analysis.
Patient Two is a patient who had an HAI, but that HAI occurred during the first calendar month.  One of the key differences between the conventional analysis and improved analysis is that we shifted the index date or the date from which we start measuring costs from the admission date to the first day of that second calendar month.
As of the index date this patient had a prior MRSA HAI.  In the conventional analysis this patient would be included and be designated as an HAI patient.  In the improved analysis we exclude this patient.  This is someone with a pre-existing condition.  We're interested only in newly acquired or incident HAIs, so this patient gets excluded in the improved analysis.
Patient Three, this is where things get tricky.  Patient Three is someone who had an HAI, but that HAI occurred during the middle of their second calendar month.  Conventional analysis would call this patient an HAI patient, but in our improved analysis we make the designation of HAI or no-HAI on our new index date, which is the first day of the second calendar month.  As of the first day of that second calendar month this patient does not have an HAI, so we call this patient no-HAI.
This is similar to an intention-to-treat analysis like would be done in a prospective drug trial for example.  We make our designation as treated or untreated or HAI or no-HAI on our index date, and then we follow the patient forward.  Just like in drug trials some patients may not be compliant to their initial designation.  This is analogous to a patient who is not compliant to their initial designation and switched therapies, or in this case switched from being no-HAI to HAI sometime after the index date.
Patient Four is pretty simple.  This is a patient who did have an HAI at any point during their inpatient stay.  This patient is designated as being no-HAI in both the conventional and the improved analysis.
Patient Five is someone whose inpatient stay only lasted one calendar month but that patient happened to have had an HAI during that first calendar month.  This is a patient who has been discharged prior to the new index date which is the second calendar month.  This a patient who gets excluded in the improved analysis but included as an HAI patient in the conventional analysis.
Finally, Patient Six is someone whose stay only lasted during one calendar month but did not have an HAI.  This patient gets excluded in the improved analysis because they did not have a second calendar month but gets designated as having no-HAI in the conventional analysis.
Because HAIs are relatively rare events they occur in roughly one percent of inpatients.  The vast majority of the patients who survived the inclusion/exclusion criteria from previous slides are like patients Four and Patient Six.  Patients who did not have HAIs.
Moderator:  Can I ask a question, Rich?
Dr. Nelson:  Sure.  Go ahead, Todd.
Moderator:  in VA a lot of people are admitted from home.  There are some people who are admitted or transferred in from other facilities whether it's another VA or a non-VA facility.
Dr. Nelson:  Yeah.
Moderator:  Does that matter?  I'm just trying to figure out especially if they did have an HAI where you attribute it to?
Dr. Nelson:  Yeah.  That's a great question, Todd, and that's one that we have not explored yet.  We took the first hospital admission for a patient in our data and designated that as how we would apply these criteria.  Where they had come from previously, if they'd come from a previous VA admission, we would've taken that first VA admission.
If they had come from a non-VA facility we would've considered that first admission to a VA facility as the index admission.  Yeah.  That's an interesting question how to treat admissions to different hospitals that are really within the same episode, and something that we haven't really explored yet.
Moderator:  Okay.  Thank you.
Dr. Nelson:  Great question though, Todd.  Thanks.  Okay.  Using this criteria for our conventional analysis and our improved analysis we get the following patients that get included in our study.  In the conventional analysis this included all patients who survived the initial inclusion/exclusion criteria.  That was about 386,000 patients, about 4000 of whom had an MRSA HAI during their stay.  
In the improved analysis that included the patients who survived the initial inclusion/exclusion criteria.  Then we excluded patients with fewer then two calendar months in their stay and with an HAI during their first month.  That gave us 121,000 patients, 92 of whom had an HAI on the first day of that second calendar month.
We're able to do this improved analysis.  This is possible in the VA because of this DSS treatment specialty file which allows us to get a more granular look at the pre-discharge costs.  To my knowledge, as far as I know, there are no other data sets that allow you to do that.  What we wanted to do is develop a way for other researchers to apply a similar method to their data.
One of the key characteristics of this new method is that we're essentially matching non-HAI patients and HAI patients based upon how long they were in the hospital prior to the HAI.  It's a very selective group of non-HAI patients who get selected to be controls based on the fact that they were in the hospital for a decent amount of time.  We developed a method that kind of approximates our improved method.  This is one where we matched HAI patients with patients who hadn't had an HAI up until that point.  We called this the almost as good method.
For patients who had an HAI on a certain day we used a propensity score and matched four patients who hadn't had an MRSA HAI up until that point to each HAI patient.  For patients who had an HAI on Day Three we matched them to four patients who hadn't had an HAI up to that point and did the same thing for Day Four, Day Five, et cetera.
Again, we have the conventional analysis on the left, the improved analysis on the right and then our almost as good analysis in the middle where we matched patients without HAIs to those with HAIs based on the timing of that HAI.
In each of these three analyses we had the following dependent variables: Total cost, variable cost and length of stay in the hospital.  We used generalized linear models for our regression analyses.  Using a modified Park test we identified the appropriate distribution for the cost dependent variable as gamma and the perfect distribution for the length of stay variable as poisson.
In the improved method our key independent variable was this MRSA HAI variable.  We also included covariants such as patient demographics, comorbid conditions like the principal ICD-9 code and a comorbidity index that was a hybrid of the Charlson and Elixhauser indices.  We also included variables capturing prior healthcare utilization such as surgery within the first 48 hours of the patient's stay which could be a risk factor for HAI but also increases cost.
We also controlled for outpatient costs in the year prior to admission and length of stay during that first calendar month.  Again, this is the improved method.  Then finally we controlled for the facility to which the patient was admitted.  In our conventional method we used the same key independent variable MRSA HAI and the same control variables other than that time in that first—length of stay during that first calendar month.
This figure shows the mean unadjusted per patient costs for patients with HAIs and those without HAIs for each of the three methods and also by whether the costs were total costs or whether they were variable costs.  You can see that the mean unadjusted cost for patients with HAIs were considerably higher than those for patients without HAIs.
You can see that the gap is much smaller in the almost as good as method.  Again, this was where the non-MRSA HAI patients were selected based on their length of stay at risk for HAI.  It's a selected group of patients that lasted long enough to still be at risk for an HAI on that day.
This slide, finally we see the results from our multivariable cost regressions.  The first panel on the left shows the results from our improved method.  On the far right is our conventional method, and in the middle is the almost as good method.  We see that an HAI using our improved method leads to an increased cost of about $12,000 in variable costs and about $24,000 in total costs and an increased length of stay of about 13 days.
Using our conventional method we find that HAIs led to an increase in the variable costs of about $18,000, about $34,000 in total costs and almost 19 days for length of stay.
Our almost as good method or method in the middle resulted in an increase variable cost of about $14,000, $25,000 in total costs and 12 days of excess length of stay.
Our conventional method resulted in inflated cost estimates compared to the improved method.  An inflation of almost 50 percent, $18,000 compared to $12,000 for variable costs.  Our almost as good method, again, a method that could be applied outside the VA led to only a 5 percent inflated estimate for variable costs, $13,800 compared to about $12,000.  A much smaller inflation using the almost as good method as using the conventional method.
We spent most of the time today talking about the methods for estimating pre-discharge costs.  I also want to briefly touch on our estimates for post-discharge costs.  Our patient selection criteria was similar to how we used for our pre-discharge costs.  In this case we looked at our key exposure or our key independent variable was an MRSA-positive clinical culture between 48 hours after admission and what we designated as 48 hours after discharge.
The NHSN or National Health Safety Network definition of a healthcare-associated infection is one that is identified after the first 48 hours of admission.  We applied this 48-hour time window to post-discharge as well to capture infections that were associated with that inpatient stay, but were identified only after discharge.
This is our key independent variable.  Our post-discharge outcomes were inpatient costs, again, both variable costs and total costs, outpatient costs and pharmacy costs.  We looked at the 365 days after discharge as our time window to identify these post-discharge costs.
This figure shows the patients that met our criteria.  About 366,000 without MRSA HAIs during their stay and 3600 with HAIs during their stay.  Here are the unadjusted mean post-discharge costs.  Again, it looks like HAIs lead to greater costs this time in the post-discharge time period.  For inpatient costs there's almost a doubling of costs both for total and for variable costs.  Now for outpatient costs, the mean costs are much more similar and slightly greater for pharmacy costs.
Moderator:  We had a question, Rich, that probably is a good time to ask it from one of the audience members.  Just to sort of summarize, the improved method is mostly in the context of improved inclusion/exclusion criteria, adjustments of the covariants and the operationalization of the event, is that correct?
Dr. Nelson:  Yeah.  The way that the improved method differs from the conventional method is to basically be able to differentiate costs that happen after the HAI from those that happened over the entire time period.  Excluding this work in the treatment file to be able to separate those costs that happened in the second calendar month from the ones that happened in the first calendar month.
To be able to use that in our analysis we had to restrict our analysis to only patients whose stay bridged two calendar months.  Then designate HAIs based on whether it was present on the first day of the month or not.  Yeah.  I think the question's accurate that the differences are in terms of inclusion/exclusion criteria, but then also designation of the HAI event itself.
Moderator:  Can I ask a—I'm not an infectious disease doc, so I have what I feel like is a silly question.  How do most HAIs happen?  Is it because you're in a room and one of the patients in the room has it?  Is it because of not hand washing and bad quality of care among the clinicians?
Dr. Nelson:  They can happen for a number of reasons.  I mean, a common source is transmission from a healthcare worker.  Yeah, poor hand hygiene.  A healthcare worker who has an interaction with a colonized patient in one room and picks up the bacteria and takes it with them to another room.  Colonizes a patient in another room, and then that colonization could then lead to an infection if there's an open wound.  That's a common method for it to occur.
Devices such as catheters are also prime sources for HAIs.  Events that lead to open wounds such as surgeries.  Surgical site infections are common.  A big source of it is transfer from colonized patients to un-colonized patients by healthcare workers.  Yeah.
Moderator:  I guess maybe you can sort of—I'm wondering about the endogeneity of HAI identification then.  Some of it if you're thinking about the true cost of HAI it's the patient-to-patient transmission in my mind, and maybe I'm wrong here, versus one where it's the facility's having a problem.  This problem is causing all sorts of downstream problems.  It could be longer length of stay.  It could be transmitting infection, and so forth.
Dr. Nelson:  Yeah.
Moderator:  Have you guys thought at all about that?  I guess one way I'm trying to grapple with this is maybe if you have a clean period where there's no HAIs, and then you have a patient or a certain herd effect of patients with HAIs, what's the sort of spillover effect onto other patients?
Dr. Nelson:  Yeah.  I mean, there's definitely a patient-level component to it.  There's also a facility-level component to it.  Certain facilities may have—certain facilities may have more colonized patients that are admitted to their hospital.  Therefore, there's a greater risk to transmit that bacteria from the colonized patients to the un-colonized patients.
There may be facilities that also have better infection control culture or prevention cultures where infection prevention is a bigger deal or more emphasized in one facility versus another.  The risk factors for HAI have certainly occurred in different levels both in the patient level.  Certain patients are at greater risk to be colonized, and therefore become infected.  The same patients admitted to different facilities might be at a great risk based on one facility versus another facility.
Acquiring an HAI is certainly, I agree, is not a random event.  There's certainly endogeneity there.  We did our best to control for the observable characteristics that would—the ideal way to study this would be to randomly assign HAI to patients as they enter the hospital which would be bad on a number of fronts—
Moderator:  [Laughter]
Dr. Nelson:  - but good from an investigation standpoint.
Moderator:  Right.  Yeah.
Dr. Nelson:  We did our best to control for the observable characteristics that we could that might be associated with an HAI but also associated with cost, though I'm sure there are some we didn't capture.  The issue of whether the HAI occurred on the first day of the month versus some time other than the first day of the month I think is pretty random.
In looking at our data it was roughly 1 in 30 events that happen on the first day of the month.  I can't think of a reason why a patient would be at a greater risk for an HAI on the 15th of June than they would be on the 1st of June if that makes sense.
Moderator:  Yeah.  I mean, July's a special one because the residency turnovers but—
Dr. Nelson:  Yeah.  In most months whether it occurred on the first day of the month or in the middle of the month is relatively random, but who gets one and who doesn't get one is definitely not random.
Moderator:  Yeah.  Thanks.
Dr. Nelson:  Yeah.  Good question, Todd.  Thanks.  Here are the results from our multivariable regressions from the post-discharge costs.  We ran these regressions on the full cohort but also on a propensity score matched sub-cohort of HAI patients and propensity-score-matched controls without HAIs.
We see that patients with an MRSA HAI in their index hospitalization had greater pharmacy costs, greater total inpatient, greater total—or excuse me.  Greater variable inpatient costs in the post-discharge time period.  Those were significantly different from zero.  What was interesting is that the outpatient costs were not significant and were not elevated.
There are some limitations to our analyses here.  We have limited time, so I'll just go through these real quickly.  The positive MRSA cultures that were identified could be colonization, or they could be infection.  We did use an electronic algorithm to differentiate between infection colonization and got similar results.
Also in our post-discharge costs we're only looking at healthcare encounters that happen in the VA, so we are missing things that happen outside the VA.  We're currently exploring the VA CNS-linked files to look at non-VA healthcare encounters in the post-discharge period.  We hope to add that information here pretty soon.
In conclusion, by using improved methods we get different estimates of the economic burden.  We get lower estimates of pre-discharge costs but higher estimates of post-discharge costs.  What's interesting is it just so happens that our post-discharge costs happen to fill in the gap from our pre-discharge costs deflation and resulting in roughly similar total costs and total variable costs between conventional and improved methods which I thought was a little bit interesting.
I'll end there.  We're at the top of the hour.  I apologize for going long.  Hopefully there's time to respond to at least a couple of questions.
Moderator:  Yeah.  Actually, I did a fair job of asking those questions.
Dr. Nelson:  [Laughter]
Moderator:  I apologize for bringing it out.
Dr. Nelson:  Thanks.  Those were good questions.
Moderator:  No, it's a fascinating issue both clinically as well as econometrically on how you deal with these.
Dr. Nelson:  Yeah.  The econometrics were tricky to grapple with.
Moderator:  Absolutely.  I'll just hold on for a second.  There were a couple of questions, but I asked them during the thing.  We'll see if anybody else has any other questions.
Dr. Nelson:  okay.
Moderator:  I guess I'll ask you one.  There's discussions about including a POA, a present on admission, indicator and if the VA were able to do that would that solve some of your problems here?
Dr. Nelson:  It would certainly help.  It wouldn't solve the time-dependent bias issue per se because it would help to be able to exclude patients that we knew had brought in their colonization or infection with them.  To be able to identify when the patients had their infection and when they did have it post admission and to be able to differentiate the cost that happened prior to that and after that, the POA wouldn't help with that.  It certainly would help in constructing a cohort where you could find and identify incident and newly occurring infections.
Moderator:  We had one question that came in which is more structural which is what kind of IRB approval do you need to access the VA data such as DSS data ICD-9?  We might want to just handle that offline.
Dr. Nelson:  Yeah.  That's not specific to Salt Lake or the University of Utah.  It would be similar across the country I would imagine.
Moderator:  Yeah.  Okay.  I'll respond to that person.
Dr. Nelson:  Okay.  Great.
Moderator:  We are at the top of the hour.  There's one more question.  Why did the propensity scoring work relatively well?  This'll probably be our last question.  Then if there's others we'll have to get back to them.
Dr. Nelson:  Yeah.  Well, and that's a good question.  Why did it work relatively well?  I guess there could be different interpretations as to what relatively well means.  I'm guessing that the questioner is saying why did you get relatively similar results when in the propensity score analysis than from the non-propensity score analysis.  The propensity score analysis utilizes measured confounders the same way that a regression model would, but can't say anything about unmeasured confounders.
Unfortunately, as Todd brought up earlier there are plenty of unmeasured—there's plenty endogeneity here that we can't capture because of an unmeasured confounding.  It'd be great in the future to be able to measure some of the things that we haven't measured in this structured data.
Moderator:  I think that's it, Rich.  There's a form that Heidi has put up for evaluations.  We really do take these seriously.  It looks like people are already taking the time to fill this out.  This is terrific.  I just wanted to thank you again, Rich.  This is a great talk on HAIs.
Dr. Nelson:  Yeah.  No problem.  I mean, my e-mail address is on here, so if people have questions and want to get in touch with me they're welcome to do so.  I would welcome the feedback and interacting with others.
Moderator:  That sounds great.  I appreciate your offer.
Moderator:  If you all didn't see that e-mail address on the screen before I put the feedback form up, that is on the handout that you downloaded.  If you did not have a chance to download it the link to it was in the reminder that was sent out this morning.  Or you will be able to access it from the reminder that we will send out on Friday.
Also those of you who are filling in the survey we really appreciate it.  Just to let you know that there is not a Submit button.  Once you click the information in there we do have that captured.  Rich, I also want to thank you for taking the time to prepare and present for today's session.  We do very much appreciate that.
Dr. Nelson:  You bet.  Thanks, Heidi, and thank you, Todd, appreciate it.
Moderator:  You bet.  Thank you so much.
Dr. Nelson:  Mm-hmm.
Moderator:  Thank you everyone for joining us.  We are taking August off from this series, but we will be back in September.  We will be sending everyone registration information on that in the middle of August.  Thank you everyone for joining us for today's HSR&D cyberseminar, and we do hope to see you at a future session.  Thank you.
Moderator:  Thanks.
[End of Audio]
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