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Antimicrobial Computerized Decision Support System in the Computerized Patient Record System (Dirty Harry)
My name is Kristian Johnson, I’m a clinical applications coordinator from the Minneapolis VA Medical Center.  My co-presenter today is Eric Geurkink, he’s a PharmD from Minneapolis as well.  You are here for class #211, the Antimicrobial Computerized Decision Support System, or CDSS, in CPRS.  
I also want to say that keeping with the theme of the pharmacy track people, they must have had fun, the planning committee, they gave all of the sessions in the pharmacy track subtitle of Clint Eastwood movies, so this one was known as Dirty Harry, or as we say, Go ahead, make my piggyback.  
Just to go over a couple of things, the educational objectives for this session, hopefully you’ll understand the whole development process of what we created in our VISN and our site.  Just learn how extensively CPRS can be utilized to create things like decision support.  Also understand not only flexibility but also some of the limitations of what you can do within CPRS.  And have somewhat of an appreciation of how the implementation and incorporation across various sites within our VISN took place.  

And with that, I’m going to turn it over to Eric for his portion.

Eric:  Thanks, Kristian.

So what is the antimicrobial CDSS?  It’s a Computer Decision Support System, and this is a tool embedded in CPRS that offers empirical antimicrobial prescribing advice to clinicians at the point of order entry.

So why is this important?  First of all, why antimicrobials?  CPRS offers great potential for offering decision support for a variety of disease states and conditions at the point of order entry.  My boss on this project, Dr. Greg Filice, who couldn’t be here today because he’s out of the country, had the vision and drive to see this project through, he’s the project director.  And since he’s an infectious disease physician, Chief of Infectious Diseases at Minneapolis, he obviously has an interest in antimicrobials.  So why are antimicrobials important for a computer decision support?  Number one, guideline-concordant antimicrobial therapy improves outcomes.  To get the right antibiotic for the right infection, lives are saved.  One example of this in the literature is the Tennessee Medicare data published in 1999 that showed for patients with community-acquired pneumonia, those who received guideline-concordant therapy had improved mortality compared to controls.  Secondly, antimicrobial therapy is suboptimal about half the time.  Now by suboptimal we don’t mean necessarily wrong, but it could be improved by either choosing a less toxic agent, a more effective antimicrobial agent, or optimizing the dose.  In 2004 at our own medical center in Minneapolis, one of our infectious disease physicians did a study and found that 55% of our medicine service inpatients received suboptimal antimicrobial therapy.  This is pretty consistent with other studies that you find in the literature. About half of the time, no matter if it’s inpatient, outpatient, ICU, across the country and even around the world, antimicrobial therapy can be improved about half the time.  Thirdly, as we all know, antimicrobial resistance is increasing, and it is very expensive.  Estimates of the cost of the infections with resistant organisms range from $4 billion per year to a total economic burden of disease of almost $100 billion per year.

So potential benefits.  Both hospitals and patients will benefit potentially from the antimicrobial computer decision support.  So how do we convince other hospitals to adapt this system?  Patients in hospitals will both benefit by people getting better from infectious diseases.  Fewer adverse drug reactions will result when the optimal drug is chosen.  Patients get better quicker, they get out of the hospital quicker, and this results both in less resistant flora colonization on the patient, and less resistant proliferation of flora in the hospital.  Hospitals also benefit by improving their antimicrobial stewardship, which is a term that means the responsible and optimal use of institutional antimicrobials.  And finally, we hope that the antimicrobial Computer Decision Support System leads to happier staff.  Now one piece of background information is that at the VA in Minneapolis we have a fairly restricted antimicrobial formulary, which means that in order to prescribe broad spectrum or expensive or toxic agents, physicians must make a call to the infectious disease physician on call.  One of the incentives or carrots that we’ll go into a little bit later is that when antimicrobials are ordered through our Computer Decision Support System a code was generated that allows the pharmacist to check the code and allows the physician to bypass the need for infectious disease approval.  We’ll explain that a little bit more in a moment.

So as a lot of us have experienced within this room, influencing prescribing behavior is a difficult task.  These strategies that I have listed have been shown in the literature to contribute to an influence in prescribing behavior.  And the CDSS highlights especially these strategies, education, incentivization, guidelines, system change, and computer decision support.  And I hope to explain how these strategies were used further in the presentation.

More recently the Infectious Disease Society of America issued guidelines for how to accomplish antimicrobial stewardship programs in hospitals.  They had three main topics that they recommended for improving antimicrobial prescribing.  One was the incorporation of guidelines into clinical practice, the challenge of course being how do you incorporate a 30-page guideline into a busy clinical or inpatient schedule?  Secondly, they recommend incorporating computer decision support into clinical practice.  And thirdly, they recommend providing incentives for providers to prescribe appropriate antimicrobials.  And the antimicrobial CDSS uses all these methods.

So the goals of the CDSS project.  Number one, we want to improve patient outcomes.  Everything we do is about getting the veterans better.  Secondly, we wanted to optimize costs.  Now this word optimize is chosen carefully because we didn’t necessarily want to use the cheapest antimicrobial, because if a $200 a day antibiotic gets patients out of the hospital half a day quicker, it’s obviously going to save the system plenty of money.  Thirdly, we want to prevent adverse effects from antimicrobials, especially by recommending that antimicrobials not be used when none are appropriate.  We want to reduce antimicrobial resistance by recommending narrow spectrum therapy when broad spectrum therapy is inappropriate.  And lastly but not least, we want to improve life for prescribers.  We want to make it as easy as possible for prescribers to get the right drug to their patient.

So who are involved with this?  Like I mentioned, the Project Director, Dr. Greg Filice who’s unfortunately out of the country is the head of this project and the guy that really saw it through.  We had a Clinical Applications Coordinator who was involved with building a ton of menus as you’re going to see, and Kristian’s going to explain in a moment.  We had an Evaluation Specialist whose role over the project evolved to include education and promotional activities.  And we had a pharmacist, who was me.  When we exported the CDSS to the other sites in the VISN, we encouraged each site to form a similar team to divide up responsibilities associated with implementation.  However, every prescriber and pharmacist, every end user of the system was encouraged to contact the team with questions or suggestions, and we actually modified both the content and the structure of the system based on user feedback.

So how did we come up with the recommendations, how did we decide what we were going to put in CPRS?  Well first of all, the CDSS team physician and pharmacist reviewed the literature and developed preliminary recommendations based on textbooks and guidelines.  Then these recommendations were then reviewed with the local experts in the pertinent fields.  For example, for intra-abdominal abscess we ran our recommendations past general surgery, GI docs, emergency room physicians, intensivists, as well as infectious disease physicians and other pharmacists.  Once we reached some sort of consensus we revised and finalized the content and then prepared it into a format that could be published in CPRS.  Now when we exported the system to other sites, sites had the opportunity to modify, change, delete, add content based on their local prescribing preferences and antibiograms.

So how do we stay up to date, how does the system maintain current recommendations?  Well we just recently issued updates for 2007.  Since each site has their own customized CDSS we don’t have a standard template from which to update for the whole VISN.  Once a year, however, Minneapolis issues document summarizing significantly different prices and suggested content changes.  Then each site can decide whether to accept, reject, or add their own changes.  Emergent changes of course are dealt with as soon as possible.  A big example being when gatifloxacin was removed from the market, which happened about two months before we implemented in Minneapolis.  This forced us to come up with a process for updating, and luckily the change from gatifloxacin to a variety of moxifloxacin, ciprofloxacin, how we addressed it at Minneapolis, only took about a day of work.

So this was supposed to come out in an animation format, but I guess someone must have messed this up.  This is a schematic diagram.  Before we go over the actual screen captures we wanted to just give you an idea of how people flow through the CDSS system.  First of all, on the left side we have the main menu where we have disease and syndrome categories categorized by organ system as well as organism categories, information, help pages, special cases such as prevention of infection, surgical prophylaxis.  Then from the main menu you proceed to a submenu of diseases and syndromes, or specific organisms.  And then from that submenu we proceed to what we call the advice page, and that has the content and quick orders dealing with specific treatment of infectious diseases.

So we realize that everybody has a different CPRS set-up.  This is our inpatient surgery menu at Minneapolis.  Nice thing about the antimicrobial CDSS menus is that they can be inserted anywhere and everywhere in specialty menus and main menus.  So this is where we put ours in surgery inpatient.  And this is where we put them in medicine outpatient.

So let’s proceed to an example.  First one I’d like to do is cholecystitis.  

First of all, this is our main CDSS menu.  It takes a little bit to get orientated to it.  On the left side you can see a list of organ systems roughly categorized from head to toe.  These have diseases and syndromes categorized by the organ system.  Then below that we have a few common infections, and on the right side we have more miscellaneous categories.  At the top there’s help pages, links to antibiograms.  And then we have some other miscellaneous categories like prevention of infection, surgical prophylaxis, surgical site infections, and then at the bottom we have information on treating specific organisms, specific bacteria, viruses, and fungi.

So let’s continue with our example of proceeding to cholecystitis.  We click on the gastrointestinal and intra-abdominal section, 

which brings us to a submenu which contains most of the gastrointestinal infections that we’ll see in our veteran population.  So let’s click on cholecystitis.

That brings us to the heart of our system, what we call the advice page.  And these are set up in a standard way.  I just want to take a moment to orient you to the structure of our advice page.  At the top of each page we have a help link, we have a link to drug information, which I’ll talk about more in a little while, a link to select an alternative antimicrobial if you don’t like any of the choices that we offer, and finally, we have quick orders for consultations for pertinent services, that may be of assistance in treating these diseases.  Now under the name of the page, cholecystitis, we have a few brief sentences of text that deal with pertinent information about treatment of the disease.  We’ve tried to also include information on in which cases antimicrobial might not be necessary.  But as you can see we have preferred antimicrobials and the alternative antimicrobials.  Let’s just say for argument’s sake we’ll click on piperacillin/tazobactam.  This brings up a quick order, kind of like any other, but you’ll notice that it also has the pharmacy confirmation number at the bottom here.  Kristian’s going to explain this in more detail in just a second, but this pharmacy confirmation number serves two purposes.  One, it allows the pharmacist finishing the order to indeed verify that it’s ordered through the system and does not need infectious disease approval if it is a restricted antimicrobial.  And number two, it sends the data to a VistA data table, so we can compile information on antimicrobial prescribing.

The second example is uncomplicated cystitis.  

Notice that this is in the outpatient package, and the only difference between inpatient and outpatient CDSS menu is that it says outpatient in the upper left-hand corner.  We click on the genitourinary section, 

which brings up to the submenu listing of various genitourinary infections, and note that under 08 and 010 we have much more detailed information about urinary tract infection, including diagnosis, what to do about asymptomatic bacteria, and also explaining definition differences between complicated and uncomplicated cystitis.  But if we just want to get right to the drug,

click on uncomplicated cystitis, brings us to our advice page and brings us right to our listed drugs for either treatment or suppression.

We click on treatment and we get a quick order like any other.  

Now let’s try a more complicated example, prosthetic valve endocarditis.

Again, this is in the inpatient antimicrobial CDSS, click on the cardiovascular section, 

brings us to a submenu of diseases, most of which have to do with endocarditis.  And my arrow came up a little bit higher than I would have liked it, but the first section that we have is approach to endocarditis.

Pretty impossible to read, but what this section deals with is initial diagnostic workup for endocarditis, including how many blood cultures to get and factors that may contribute to resistant organisms.

The second thing I wanted to highlight is that we have complete information about diagnosis of endocarditis.  As our providers in the room know, endocarditis is one of the most complicated infectious diseases to diagnose and treat, and we strongly recommend consultation with cardiology, cardiothoracic surgery, and infectious diseases.  But as you can see here, we have information on the diagnosis of endocarditis, including a link to the Duke criteria, the most commonly used to diagnose endocarditis.

Including the requirements for exclusion or inclusion of diagnosis, 

and we have the complete listing of the major criteria 

and the minor criteria.

So going right to empirical therapy for prosthetic valve endocarditis, this brings us to our advice page where we have, as you can see at the top of the screen, the consults to cardiology, cardiothoracic surgery and infectious diseases, and in the text we again recommend to make sure to get adequate numbers of blood cultures before beginning antimicrobials, but then with this order set, once this is clicked, it generates quick orders for each of the three recommended empirical antimicrobials.

So finally we have therapy for selected pathogens, let’s say we get our blood cultures back and let’s say we get enterococcus, this selected pathogen menu has most of the common pathogens and some of the uncommon pathogens associated with prosthetic valve endocarditis.  But let’s say our blood cultures come back for enterococcus, we have the advice that contains the medication regimens for treatment of enterococcal endocarditis.

So we’ll do a final example, diverticulitis, fairly common condition that’s treated with specific antimicrobials.

Again we return to our main page, click on the gastrointestinal section, click on diverticulitis, we have choices for mild disease, choices for moderate disease, and severe disease down at the bottom if you scroll down.  Let’s just say the patient is treated for mild disease with augmentin amoxicillin clavulanic, generate the quick order.  

Now shifting gears a little bit, we’ve been going to the advice pages by a disease specific approach.  Let’s try from a pathogen specific approach.  Let’s say we have a patient that has a urinary tract infection that comes back with the urine culture positive for klebsiella.

On the lower right corner of our main page we have lists of specific organisms, and we could click on gram negative bacteria.

Note that the submenu has advice not only for final culture results, but for interim culture results as well.  So if we only knew the morphology and the gram stain of the bacteria we could click on gram negative bacilli.  But for this case we know it’s klebsiella, but let’s say we don’t have microbiology sensitivities yet.

We click on klebsiella and then we get information for both mild to moderate infections and moderate to severe infections.  One thing I want to emphasize is that when microbiology results are available for a specific case, those will always trump the recommendations we have here.  Our recommendations here are based on antibiograms.

Now besides the quick orders and advice pages, we have certain internal and external information sources to get more prescribing information on treatment of infectious diseases within the CDSS.

First, for community-acquired pneumonia, one of the key decisions that’s made is the site of treatment, whether a patient can be most appropriately be treated as an inpatient on a medical ward, in the ICU, or as an outpatient.  

One of the tools available to providers is the PORT calculator.  That’s used to augment clinical judgment for the decision of where to treat the patient.  So under our community-acquired pneumonia page, one of the first steps of treatment is deciding the site of treatment.  If the clinician wants they can click here for the PORT calculator.

Now this generates a generic text order that allows us to link to an external website.  

And this is an HTML page that our CAC designed that has a calculator for the PORT score.  Now you can fill in the blanks on here, fill in the appropriate co-existing co-morbidities, physical exam findings, laboratory findings, and chest x-ray findings, and then when you click calculate the risk score it generates a score by which the PORT score recommends admission for this particular patient.

Another source of external information that we have comes under prevention of infection, specifically prevention of bacterial endocarditis before a dental or surgical treat.  

As many of you know, guidelines have been recently updated to reflect the fact that antimicrobials might not be helpful for as many people as we used to prescribe them for, so when you click on prevention of bacteria endocarditis 

it brings you to our advice page with some text and then below the blue link there we have a two-step process that we’ve tried to simplify as much as possible for the decision of whether your patient might be a candidate for antibiotic prophylaxis.  But, of course, situations are always sometimes more complicated., so we can click on this link number 10 right here in blue,

generates another generic text order, 

and then it links us to a 52-page PDF, the full text of the endocarditis prevention guidelines for 2007.

And now I’d like to turn it over to Kristian for the technical requirements.

Kristian:  Thanks.  I’m just going to explain basically what it took to get this whole thing created.  I hope you can have an appreciation, even if you’re not a CAC, of how vast this entire thing is and how much it took.  First of all, let me preface it by saying I’d like to take credit for all of these things in there.  Actually it wasn’t me who created most of this stuff.  Dr. Filice, when he first envisioned this project, and again he’s the project director, but he’s also our Chief of Infectious Disease, he envisioned doing this probably about three or four years ago, and he came to our department.  My boss is actually a physician who is an infectious disease physician, and he told him about this and he said you know, I really need a CAC to help me with this.  So my boss said well sure, just have Kristian do it.  I said well okay, what don’t you want me to do for the next several years?  So anyway, what happened is he realized he needed a lot of resources, so a couple of years went by and he finally got funding specifically for this project, and with that funding he was able to hire his own CAC, pharmacist, and the other gal who was the evaluation coordinator, and then what I did was I took that CAC, who actually had come from the laboratory department, and taught him how to do order entry.  So I was heavily involved in it in the very beginning, and then I turned it over to him, and he’s done a wonderful job.  

I want to first begin by just saying that the real wrong numbers, or the really Dirty Harry as I like to call it, first of all, what you saw, creating all these menus and advice pages and the quick orders, really did take one solid year of development time from a dedicated Clinical Applications Coordinator.  It involved creation of about 200 outpatient medication quick orders, a little better than 200 inpatient medication quick orders, and as vast as that may seem, the real big thing is approximately 1600 order menus.  Now I know we only have a couple of CACs in the group, but let me just tell you the creation of the order menus is a very, very tedious thing.  All of those advice pages, all of that text on there, and a lot of it is just text, it’s directions, it’s advice, all of that has to be manually entered line by line, there’s no dumping in anything and having it wrap, you have character limits, you look at it and things are all screwy, things are to the side, so it takes a lot of time and tedious work just getting those up to snuff.  We also have approximately 20 URL or hyperlinks that we’ve created in generic orders, and Eric showed those to you, and in case you’re not familiar with how that can be done, you can actually create a generic or text order that has a hyperlink in it and when you click on it, it will take you to whatever it’s pointing to, however the text order itself can kind of disappear in the background.  It doesn’t require a signature, it doesn’t show up on the orders tab or anything, it’s just kind of gone.  So it’s a nice way of doing it, and unfortunately the only way we currently have of providing that hyperlink.  I wish you could provide them on the menus themselves, but unfortunately you cannot.

Now let me also make one disclaimer here.  There was some amount of local programming that was done to enhance the capabilities of the CDSS project.  What Eric was talking about when we’re talking about these confirmation numbers and having this information be written to a VistA database table, that was the local programming that was really done.  And it wasn’t that difficult from what I understand, our programmer was able to do it, but he’s kind of a whiz kid when it comes to that.  But I do want to say that while that was done, it is not required to really utilize the CDSS system itself.  In other words, all of that advice steering people toward the appropriate antimicrobials, all of that can easily be done without the local programming that we did.

One of the things was this local quick code program was created, and it creates a new file in fileman that allows the tracking of the CDSS program usage, so that when these things are ordered we do port that information to a file that we can run reports off of.  And some of the things that that captures is it captures the patient name and social, who the ordering provider is, the time it was ordered, the drug, the location, and whether it was a primary, in other words the first line recommendation, or if it was an alternative drug.

Using that program then we build a couple of data objects, and data objects are the types of things that when you write a note can pull in the last blood pressure, the last hemoglobin, those types of things.  We just named them something that would say what they were, quick order audit and quick order audit alternative.  What we did then was we placed those data objects within the comments section of the quick orders for the medications themselves.  The end result being, as Eric showed you, you get that confirmation number back in there, and for those of you that really care, these are the data object methods below that those objects are built off of.  You’d have to have that routine in your system to do that.

And there it is.  There’s the picture on the screen.  We have it return this text that says pharmacy confirmation number, blah blah blah, it’s a unique number, it can’t be spoofed, and it just tells the provider do not alter this.  

Because what that does is our programmer then created this local VistA routine that was created specifically for pharmacy.  What they can do is they go into VistA, they invoke this menu option, they type in that confirmation number that appears in the drug order, and they can tell whether or not this drug then was utilized using the CDSS system.  So in other words, if somebody tried to spoof the number it would come up as a fictitious number and it wouldn’t work.

And this is the screen capture of what that looks like.  The lower half of the screen, you can see there it shows the user, what the order was, the provider, location, the patient of course, and then whether it was a primary or alternative drug.

There’s also a nightly background job then that runs through and it captures all the actual orders that were filled for antimicrobials.  

And then we can also put that into a report for tracking purposes.  

And then once you have that text report you can then dump that into an Excel spreadsheet, and that’s what you’re looking at here.  And you can see, if you look in the far left column there, column A, you can see that it’s designated.  These are all antimicrobials for the specified time period, and you can see whether they were done using the CDSS or the non-CDSS.

Now we started this in Minneapolis, and then we started to migrate this to other sites in our VISN.  There are some unique things that people need to be aware of when moving these from one database to the other.  First of all, people are probably familiar with swapping templates.  You can swap templates, hey, you’ve got this great template, Paul Nichol, send me your template.  He can e-mail that to me.  And you can do the same thing with clinical reminders.  But there is no import/export for orders.  So as you can imagine, going to our sister sites in our VISN and saying say, would you like to take a year or two to develop your own, wouldn’t have gone over.  So again, our programmer, and he’s very knowledgeable, he said well you know, there should be a way to just copy these things over.  And there is.

But first of all he said I need these things to all be unique in Minneapolis.  In order for me to grab all of them and shove them into Omaha or wherever they’re going to be, Iowa City, I need to have them unique.  So what we did was he created a new option that the CAC who built these things first went into before creating the order menus and the quick orders.   So not only did we give them a unique namespace, but he needed them to have what they call an internal entry number I guess that was significantly different from anything else in our database.  So when you create say a new quick order, maybe it’s given entry number 10,000.  Then you create another one, the next one would be 10,001.  What he did is he created this program so that when we created all these orders for the CDSS we started at like 30,000.  Well well above anything else that was in our system, or would be in any of our sister systems.  Because what would happen is if you had two that were the same, you would overwrite what was in their system as he was copying those over, and you don’t want that to happen obviously.  As I said here, that prevents it from overwriting existing order dialogs in the receiving system.  

They were given a unique namespace, and again, that was just for him to be able to scoop them all up, to grab them and then copy them.  Here’s the big thing, when you do copy them over, if you are successful and we were, one of the things that happens is all the menus, all that text that’s so tedious to build, that all comes over just fine.  What doesn’t come over fine is the quick order orderable items.  In other words, the orderable item that’s sitting behind that quick order.  So in other words, we may have the quick order for IV cefazalin, and it’s point to orderable item number blah blah blah.  But when we moved it over to Omaha that orderable item might have pointed to a chest x-ray or a lab test.  So what does have to be done by the Clinical Coordinator at each of those sites is to go through just the quick orders for consults, for medications, whatever the quick orders are.  You saw ours was 400-plus.  Still a task, don’t get me wrong, but nowhere near the amount of time it would take to recreate the entire thing.  And basically just go through and repoint them to the appropriate drug or consult service or whatever it is at the local site.  Still a big timesaver, and I think it’s probably taken the receiving sites maybe a week to do that, somebody sitting down and going through all of those orders.

Eric:  Thanks.  I’m going to talk a little bit about some additional benefits and features, and then a little bit about some of our usage data, and hopefully leave plenty of time for questions.

So some of the additional features of the CDSS, the header says here we have help and links throughout.  One of our features is site-specific antibiograms.  We have links to each site’s antibiogram on each site’s CDSS, we also have the advantage of when each site modifies their content they can incorporate their own antibiogram, their own antimicrobial susceptibilities into the recommendations for the treatment of each infectious disease.  Secondly we have allergy information and desensitization protocols, specifically information for how to deal with penicillin allergy, betalactam allergies, and desensitization protocols for when for example betalactine would be the drug of choice.  Like I mentioned, we have plenty of consults, and we encourage them for complicated infectious diseases.  And we have information on how to contact the CDSS team.  Like I mentioned earlier, we modified the system in several ways, both for content, for antibiotic recommendations, and for structure for flow and usability of the system based on feedback that we got from end users.  Also we publish this contact information, there were a lot of concerns about the functionality of the pharmacy confirmation number at first, so I actually carried a pager 24/7 for the first few months.  We didn’t get too many calls, but it kind of soothed people’s concerns about if something went wrong with the approval mechanism.

Second feature that we have that I mentioned very briefly earlier is alternative antimicrobial needed.  Some of the feedback that we get when we’re talking to providers and everybody about this system is nobody wants to be told what to prescribe.  I definitely hear that.  We provide suggestions for primary and alternative drugs that would cover most cases.  But we recognize the fact that there’s going to be exceptions, there’s going to be cases where the guidelines don’t cover everything.  If you want to select an alternative antimicrobial, all we ask is that you provide the reason and this helps us to improve our recommendations also.  

So let’s take an example, the example of cellulitis.  Let’s say somebody has community-acquired cellulitis, they’re allergic to betalactams and let’s say they’re allergic also to clindamycin.  Prescriber can go back up to the top of the screen, click on 06 need an alternative antimicrobial.  

This will bring them to a menu where they can select from a list of common reasons.  Now most of the reasons we’ve already taken into account in providing a variety of recommendations.  We have enough recommendations for different antibiotics so that if somebody is allergic to a drug, if somebody has significant drug interaction, there’s usually going to be an alternative.  But we have these reasons here, and we also note that we might contact the provider just to get more clarification say a week later if they can still remember about the case.  So let’s click on patient allergic to recommended drugs for our example.  

This then brings us to a list of all the antimicrobials on our formulary, restricted and nonrestricted.  So let’s say the provider wanted to use azithromycin, 

they click on that and they get a quick order with the pharmacy confirmation number, like any other.  Now since this was ordered through the alternative pathway, it would be denoted on the little routine that Kristian showed in VistA as an alternative drug rather than a primary drug.

Another piece of information that we provide is important drug properties.  This is concise, pertinent drug information for antimicrobials in our system.  We also have links within the system to more complete resources such as Micromedex and Up-to-date.  We also for Minneapolis have contact information, so if you want to get a hold of the MICU pharmacist or you want to get a hold of the home-based primary care pharmacist, we have their pager numbers and names.

So let’s take again the example of cellulitis.  You’ll notice that after each quick order we have the cost of the drug and then we have a letter.  After cephalexin we have an R indicating that it needs to be adjusted for renal dysfunction.  After vancomycin we have another R indicating that it’s renally eliminated, needs to be dose adjusted.  For moxifloxacin there’s no R so it doesn’t have to be renally dose adjusted, but we have a DI indicating that there’s either common or major drug interactions.  Finally, another important piece of information is the drug cost, and I don’t think anybody could argue that cost is a consideration when you’re deciding between $87 a day nafcillin and $5 a day cefazolin.  

So let’s say for example’s sake that we wanted to know, we had a patient with a creatinine clearance of 25, and we want to know what is the dose of cefazolin.  We click up here, up top, click here for drug information.  

This brings us to a list of all the drugs that we have in our system, all the antibiotics.  Scroll down and click on cephalexin PO.  

Now as you can see, this is really bare bones, it’s a real thumbnail sketch of the drug information.  Up at the top of the screen if you want all the interactions and all the adverse effects, we have quick links to Micromedex online in similar fashion to how we show the other generic quick orders.  However, to answer our question, we can see that for a creatinine clearance of 20 to 40 the recommended dose of cephalexin is 250 to 500 mg every 8 to 12 hours.

So finally, I wanted to give a little bit of usage data, how did this actually work?

This is a graph, we have a best fit line, and we have a line showing our actual number of orders.  These are signed orders between when we went live in Minneapolis in April of 06 to April of this year.  And as you can see, we steadily increased from about 20 to 40 orders per week to where we’re at now, which is solidly over 100, 120 orders per week.

At the beginning we did a lot of promotion in Minneapolis.  We went to all of the department meetings for all the specialties, surgery and medicine, demoed the system, we presented at grand rounds, presented at morbidity/mortality conference, residents morning report, we did fliers, we did e-mails, and we developed champions, especially in infectious disease physicians when they were consulted about things that could have been answered through accessing the CDSS, they were good promoters of getting people to use the system.  And then our other champions were our chief residents, who were invaluable in promoting use of the system to physicians.  But one of the major things that we did that helped to achieve sustained usage and get this increase in usage is we would go around periodically and put up new fliers and just stop by the residents work room and ask them, have you heard of the CDSS, have you used it, how does it work for you, what do you think, how would you recommend improving it?  And as I mentioned before, we did take into account people’s suggestions, and I think that helped to get increased usage.  People saw that we were responsive to user feedback.  But also I think this personal touch helped to increase our usage as well.  

So this is another example, this is Central Iowa, and they went live with their CDSS in mid-December.  As you can see, we didn’t really get any orders there until a little bit after January.  Now that was probably due to a couple of effects, Christmas and New Years probably didn’t help the uptake at all, but also right after the first of the year is when they started to do more of their promotional activities like e-mails, fliers, talking to the physicians about the fact that hey, these menus are now in CPRS and here’s what they can do.  You’ll notice we have two lines here.  This dashed line is what we call “pokes”, that’s just the name we gave to when people clicked on orders but did not sign them, which we deduced represents people exploring the system but not actually using it for patient care.   As you can see, that spiked early and kind of tailed off as our number of signed orders started to increase dramatically in Central Iowa, so this is a way that we kind of tracked how people at first started to explore the system after the system was promoted and then started to adapt usage in their general practice.

Now finally, did this actually work to improve patient outcomes?  Well as any of you that have done outcomes research in infectious disease know, it’s a little bit tricky research topic.  Fortunately we had a great infectious disease fellow physician, Dr. Kathari, who was working under the mentorship of Dr. Filice, who did a study for CDSS outcomes data for outpatients with urinary tract infections.  He did a retrospective analysis of 274 cases of UTI for which antibiotics were prescribed.  CDSS was used in just over a quarter of these cases.  Now he found two important things.  Number one, he found that antibiotics that were prescribed with CDSS were less likely to have been prescribed for asymptomatic bacteria, a condition of course for which antibiotics are not generally appropriate, versus those that were prescribed without CDSS, and this was statistically and clinically significant.  Secondly, prescribers that used the CDSS were more likely to prescribe first line agents, our most effective agents that get the best urinary concentrations, fluoroquinolones and TMP-sulfa, versus those who did not use CDSS.  So there’s two main conclusions that we can draw, is that orders with CDSS are more likely to be for the appropriate diagnosis, they’re more likely to be prescribed appropriately, and they’re more likely to use the right drug when an antibiotic is indeed indicated.

So in summary, CPRS offers great possibilities for incorporating decision support into routine clinical care.  We’ve tried to showcase how we’ve incorporated antimicrobial decision support into clinical care.  Implementation of computer decision support systems requires buy-in, work, and feedback from providers, CACs, and pharmacists.  And finally, promotional and educational efforts are key to achieving sustained usage.
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