MSSE Plan B Project Summary – Brooke L. Nielsen - April 3, 2000

1. Statement of the problem 

With the advancements in medicine in the 20th century, people are getting diagnosed and treated for many more conditions than in previous times.  Treatment for conditions now-a-days ultimately result in the patient taking medicine prescribed by their doctor, or medication purchased over the counter.  

The usage of prescriptions continues to grow at an enormous rate. In 1992 the National Association of Chain Drug Stores reported that 2.03 billion prescriptions were dispensed in retail pharmacies, and in 1998 there were 2.78 billion. It is estimated that by the year 2005 a total of 4 billion prescriptions will be filled annually [1].  Including over the counter medication increases these numbers substantially.

The National Council on Patient Education and Information reports that up to half of the prescriptions written annually are taken improperly, leading to potential consequences ranging from minor discomfort to progression of disease, hospitalization or loss of life [2].  The FDA estimates that $20 billion a year is spent hospitalizing people who have taken the wrong medication, the wrong dose, or a dangerous combination of drugs [3].  The problem is so universal that Jeannette Chirico-Post, M.D., chief of staff at the VA hospital in Rhode Island says: "Outside of working in the operating room, dispensing a drug, giving a drug to the patient, is one of the most dangerous things we do." [2]

Recently pharmacies started providing information on drug side effects, dosages and precautions when the patient fills their prescription.  While this information is useful for the patient it does not integrate with the information for their other drugs and their specific dosage.  Also, very few pharmacies and doctors use computer systems to avoid mistakes and screen for dangerous errors and those that do report that the systems produce so many false alarms that they are nearly impossible to work with.  For example, most systems assume that the patient fills prescriptions at the same pharmacy every time meaning that a dangerous combination of drugs will be missed. Susan Winckler of the American Pharmaceutical Association said that the existing systems warn so many times "You just hit the return key when you see the message." [1] Many of the false alarms happen because the system compares drug interactions against all prescriptions in the patient's file, not just against the drugs the patient is presently taking. 

Most articles I've read, and the pharmacists I’ve talked to, site that prescription errors occur because of the number of new drugs on the market, the similarity of names for very different drugs, and the very long hours most pharmacists work to keep up with demand.  I believe the best way to prevent mishaps is to educate the patient and put the patient in control to understanding their medication usage.  The patient must have a tool to manage when they are supposed to take their medication and warn of drug interactions with their current regiment.

I have developed an integrated medical prescription advisor that creates an individualized schedule for the patient.  This schedule suggests appropriate times to take each of the medications a patient is prescribed, taking into account drug interactions, drug recommendations (such as take on empty stomach), dosages, and the patients typical daily meal times and waking hours.  This system replaces the need for patients to figure this schedule out on their own, resulting in better and safer medicine management.

2. Project Approach 

The primary focus of the system I built is integrating medical drug information with patients’ individual prescriptions and providing a schedule of the ideal times to take each prescription drug. 

Initially, and for the purposes of the Plan B, the patient has to key in their prescription information.  The system also collects information about the patient’s day, such as typical waking hours and mealtimes. It then displays, in a graphical way, the times a patient should take each medication. 

I would have liked to integrate with a drug database, but investigation has shown this will be difficult because of licensing and fees.  As a result, I have used a subset of prescription drugs on the market with real data about interactions, side affects, and usage. The drugs known to the system are included in Appendix I for review.

3. Overview of Architecture

MedScheduler is a web based prescription management system that generates customized schedules for patients managing multiple medications.   

The system is developed to support multiple user interfaces on top of the scheduling subsystem.  For the capstone project Java servlets were used to generate an html interface.  Several screens have been developed for gathering patient data, entering prescriptions, viewing drug information, and viewing the patient specific medication schedule. 
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Figure 1 - Patient Info Screen
The scheduling subsystem was the most complex portion of the system to develop.  I developed an extensible object model to represent drugs, patients, scheduling constraints and drug interactions and implemented it in Java.  Because I was not using an existing drug database, I needed to develop a mechanism for representing the drug information I collected from public sources.  I choose to represent every drug in my system in an XML file format.  After creating XML for each drug, I developed code using the IBM XML4J parser to build Java objects representing the XML data.  The drug, interaction and scheduling constraint objects corresponding to each drug XML were materialized at server startup by parsing every drug XML.  This worked great when the number of drugs was relatively small.  As I added more drugs, the 2-3 seconds per drug to parse the XML and instaniate the objects was taking too long.  So I then developed an administrative utility that performs this materialization followed by an immediate serialization of drug objects to disk.  The application code was changed to check an internal cache to see if the drug was in memory, if it is not, the serialized drug objects were read into cache.  This provided great improvements in system startup time and overall performance.

It took me a very long time to get the scheduling itself correct.  Every time I thought it worked, I would find another scenario in which it scheduled incorrectly.  And every time I made the slightest change in the scheduling code I took the risk of breaking scheduling scenarios that previously worked.  After experiencing this a few times, I realized I needed to be able to perform regression testing on the scheduling engine after every change.   I began with the test cases included with this report and developed a Testing program that has a predefined set of input and expected output.  The testing class passes the input objects into the scheduling engine and then queries the output from the engine.  If the expected output did not match the actual output, the test case failed.    The testing class walked through all test cases, generating output if any failed.  One of the best things I did was to keep growing the number of test cases the testing program could automate.  As I found new bugs in the scheduling system, I created the code to automate the testing for it.  Then when I made the fix to the scheduling engine, I would run the testing program and be able to instantly see if the fix worked, and if it broke anything else as a result.  

The scheduling is so complex because I have to handle so many interdependencies.  I created the notion of constraints on when the drug could be taken.  For example, a drug should be taken with a meal is a constraint.  The constraints supported by the system are take with/without: food, water, bedtime, wake time, and another drug.  In many cases using all constraints meant there was no time the drug could be taken.  So each constraint was given a relative priority to the other constraints and lesser priority constraints were thrown out until the number of available times (with a minimal time delta) equaled or exceeded the frequency in which the patient was suppose to take the medication.  An example of this is Drug A and Drug B cannot be taken within 2 hours of each other, both are to be taken 2 times a day, and both should be taken with food.  The ideal time for each of these drugs individually would be at the patient’s breakfast and with their dinner.  But since they cannot be taken together, one of the drugs has to be moved to another time.   So, the system throws out the meal constraint on Drug B, schedules Drug A and then finds available times at least 2 hours away from the Drug A times and chooses the times resulting in the largest time delta between all doses of Drug B.  This scenario was simple enough to code, but I ran into problems when 3 or more drugs interacted.   If another drug, Drug C, was added to the above scenario that has an interactions with Drug A, I could not just choose the 2 meal times for scheduling Drug A.  I had to resolve the schedule between A and C in order to make sure B was not scheduled within 2 hours of A.   Adding a Drug D that interacts with both Drug A and Drug B complicates it further. In the end, I have been able to develop a scheduling mechanism that can handle N drugs with M interdependencies. 
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 Figure 2 - Medication Schedule
4. Summary

My goal was to try developing a prototype of a medical tool that could simplify the medication management for many people.  I have succeeded in this. As part of researching the medical software industry, I spoke with pharmacists, doctors, marketing gurus, and lawyers.  After talking to many people about my capstone project, I have decided to enhance it for commercial use.   My next steps are integrating with a complete drug database, having a medical professional involved in validating the results, developing a solid business plan and raising capital.  

Appendix I. Supported Drug Listing

The drugs listed below are real drugs.  The interaction and usage information are a subset of those of the actual medication.  The data is from the online drug database at http://onhealth.com/ch1/resource/pharmacy

Drug interactions vary for reasons such as, may not be as effective if it is taken with certain drugs, increase of side effects, etc. The system will schedule around and/or warn the patient with the drug interaction reason when combining drugs with interactions.

Drug Name
Typical Usage
Brand Names
How to Take Drug
Interactions 

Ibuprofen
Ibuprofen is used to reduce the fever, pain, inflammation, and stiffness caused by many conditions.
Genpril, Advil, Haltran, Ibu,  Ibu-Tab,  Midol IB, Motrin, Nuprin,  Pediacare,  Fever, Rufen,  Saleto-200,   Saleto-400,  Saleto-600,   Saleto-800
Take each dose with a full glass of water, take with food, milk or antacid, and do not lie down for 30 minutes after taking.


Nonsteroidal anti-inflammatory drugs (fenoprofen), diuretics (furosemide), diabetic drugs (glipizide), steroids   (prednisone), and lithium may cause an increase in side effects.



Loratadine
Antihistamines are used to relieve or prevent the symptoms of hay fever and other types of allergy.
Civeran, Claratyne, 

Claritin, Claritine, 

Clarityne, 

Fristamin, 

Lisino, Lorastine, 

Lorfast, 

Lowadina, 

Optimin, 

Sensibit, 

Velodan, Zeos
Take each dose with a full glass (8 ounces) of water, on an empty stomach 1 hour before or 2 hours after a meal.
Beta-blockers (Propranolol), monoamine oxidase inhibitor (phenelzine) may cause an increase in side effects. 



Cholestyra-mine
Cholestyramine is used to lower high levels of cholesterol in the blood. Cholestyramine is especially good at lowering levels of low-density lipoprotein (LDL).
Locholest,  Locholest Light, Prevalite,

Questran, 

Questran Light
Take each dose with a full glass (8 ounces) of water, and usually is taken before a meal.


Take ibuprofen or Propranolol 1 hr before or 4 hours after taking this drug.



Colestipol
Colestipol is used to lower high levels of cholesterol in the blood.  Colestipol is especially good at lowering levels of low-density lipoprotein (LDL).
Colestid
Take each dose with a full glass (8 ounces) of water, and usually is taken before a meal.


Take ibuprofen or Propranolol 1 hr before or 4 hours after taking this drug.



Prednisone
Prednisone is used to treat many different conditions. It is used to treat endocrine (hormonal) disorders when the body does not produce enough of its own steroids. It is also used to treat many disorders such as arthritis, lupus, severe psoriasis, severe asthma, ulcerative colitis, and Crohn's disease.
Deltasone,

Liquid Pred, 

Meticorten, 

Orasone, 

Prednicen-M, 

Sterapred, 

Sterapred DS
Take each dose with a full glass of water, and with food or milk.  If it is a daily dose, take before 9am if possible.


None

Doxycyc-line
Doxycycline is used to treat many different bacterial infections.
Doryx, 

Doxy Lemmon, 

Doxy-Caps, 

Doxy-D, 

Monodox, 

Vibra-Tabs, 

Vibramycin
Take each dose with a full glass of water, and with food or milk.  Can take with or without food.  Avoid lying down for 1 hour after taking.


Do not take cholestyramine, cimetidine or colestipol within 2 hours of taking Doxycycline.



Famotidine
Famotidine is used to treat and prevent ulcers in the stomach and intestines. Famotidine is also used to treat conditions in which the stomach produces too much acid and conditions in which acid comes up the into the esophagus and causes heartburn.
Mylanta AR, Pepcid, Pepcid AC, Pepcid RPD
Take with water.  If you are only taking once a day, take it at bedtime unless otherwise directed by your doctor. If you are taking famotidine twice a day, take it in the morning and at bedtime.


Taking Glipizide and propranolol may require your dose of famotidine to be adjusted.  

Glipizide
Glipizide is used to treat diabetes along with diet, exercise, and insulin therapy, if necessary.
Glucotrol,

Glucotrol XL
Take each dose with a full glass of water, before breakfast if you take it once a day, or before meals if you are taking multiple doses daily.


nonsteroidal anti-inflammatory drugs (fenoprofen, ibuprofen), sulfa-based drugs (sulfamethoxazole), monoamine oxidase inhibitors (phenelzine) may increase side effects.



Propranolol
Propranolol is used to reduce hypertension, treat angina, to treat irregular heart attacks, to treat migraines, to treat tremor and to reduce the risk of recurrent heart attacks. 
Inderal,

Inderal LA
Take each dose with a full glass of water.  Can take with or without food.
Diabetes medication (glipizide) with Propranolol may mask the signs of low blood sugar.

Anti-inflammatory medication (ibuprofen), ucler medication (cimetidine) may decrease the effectiveness of Propranolol



Furosemide
Furosemide is used to reduce swelling in the body caused by congestive heart failure, liver disease or kidney disease.
Lasix,

Lo-Aqua
Take each dose with a full glass of water, best before 6 p.m. and preferably early in the day.


Taking with Ibuprofen could result in damage to your kidneys, medications used to treat diabetes (glipizide) decrese the effectiveness, lithium could have increased side effects.



Lithium
Lithium is used to treat manic episodes of manic-depressive illness.  Lithium also helps to prevent and control symptoms of mania such as hyperactivity, rushed speech, poor judgement, reduced need for sleep, aggression and anger.
Eskalith, 

Eskalith-CR, 

Lithobid, 

Lithonate, 

Lithotabs
Take each dose with a full glass of water.
Ibuprofen and furosemide will increase the effects of lithium.



Fenoprofen
Fenoprofen is used to reduce the pain, inflammation, and stiffness caused by many conditions.
Nalfon, Nalfon-200
Take each dose with a full glass of water, and with food, milk, or antacid (cimetidine).  Do not lie down for 30 minutes after taking.


Nonsteroidal anti-inflammatory drugs (ibuprofen), steroids (prednisone), lithium, beta-blockers (Propranolol) will increase the effects of fenoprofen.



Phenelzine
Phenelzine is used to treat symptoms of depression. 
Nardil
Take with full glass of water
Heart medicines   (Propranolol), sulfamethoxazole could cause severe reactions. If Diabetes meds (glipizide), very low blood sugar could result.



Sulfameth-oxazole
Sulfamethoxazole is used to treat infections.
Bactrim,   Bactrim DS,    Bactrim Pediatric,    Bethaprim,    Bethaprim Pediatric,    Cotrim,  Cotrim DS, Cotrim Pediatric,   Septra, Septra DS, Sulfatrim,     Sulfatrim Pediatric,   Sulfatrim Suspension,   Uroplus,   

Uroplus DS
Take with water, and food or milk.
Diabetes meds (glipizide).

Cimetidine
Cimetidine is used to treat and prevent ulcers in the stomach and intestines.  Cimetidine is also used to treat conditions in which the stomach produces too much acid and conditions in which acid comes up the into the esophagus and causes heartburn.
Tagamet,  Tagamet HB
Take with water.  If you are only taking once a day, take it at bedtime unless otherwise directed by your doctor. If you are taking cimetidine twice a day, take it in the morning and at bedtime.


Do not take antacids within 1 hour of taking cimetidine, Medications for heart disorders (Propranolol), diabetes meds (glipizide).



Abacavir
Abacavir is an antiviral medication.  Abacavir is used to treat the human immunodeficiency virus (HIV), which causes the acquired immunodeficiency syndrome (AIDS).
Ziagen
Take with water.
None.

Albuterol inhalation
Albuterol inhalation is used to treat conditions such as asthma, bronchitis, and emphysema.
Airet, Proventil, Proventil HFA, Ventolin
Follow the procedures on inhalation medications for best results.
You may not be able to use albuterol inhalation, or you may require a dosage adjustment or special monitoring during treatment if you take: a bronchodilator, a monoamine oxidase inhibitor, a beta-blocker, or a tricyclic antidepressant.

Beclometh-asone inhalation
Beclomethasone inhalation is used to prevent asthma attacks and other conditions involving inflammation of the lung tissues.
Beclovent, Vanceril
Take with water.
If you are also using a bronchodilator (albuterol), use the bronchodilator first, then use your beclomethasone inhalation. Using the medications in this order will allow more beclomethasone to reach your lungs.







Appendix II. Test Cases

ID
Test Case
Expected Output
Actual Output
P/F

Scheduling – Single Drug

1 
Configure waking time to be 7AM and bedtime to be 11PM.  Meals are at 8AM, 1PM, and 7PM.

Create prescription of Loratadine to be taken 2 times daily.
2 doses of Loratadine are scheduled a minimum of 4 hours from each other.  Times will NOT be prior to 7AM, 7AM-10AM, and 6PM-9PM and after 11PM.
Scheduled at 10:30 AM, 11:00 PM.


P

2 
Using same times, schedule a prescription for lithium to be taken 1 time daily.
1 dose of lithium is scheduled at any time between 7AM and 11PM.
Scheduled at 7:00 AM
P

3 
Using same times, schedule a prescription of Prednisone to be taken 1 time daily.
1 dose of prednisone is scheduled at 8AM.
Scheduled at 8:00 AM.
P

4 
Using same times, schedule a prescription of Doxycycline to be taken 3 times daily.
3 doses are scheduled a minimum of 3 hours apart.  No dose is scheduled at or after 10PM, nor before 7AM.
Scheduled at 7:00 AM, 2:30 PM, 9:30 PM.
P


Using same times, schedule a prescription of Cimetidine to be taken 1 time daily.
Cimetidine is scheduled to be taken at the patient’s bedtime of 11PM.
Scheduled at 11:00 PM.
P

5 
Configure waking time to be 5AM and bedtime to be 10PM.  Meals are at 7AM, 12PM, and 6PM.

Schedule a prescription of Glipizide to be taken 1 time daily.
1 dose of Glipizide is scheduled at 7 AM or earlier.
Scheduled at 5:00 AM
P

6 
Using times from test case 6, schedule Ibuprofen to be taken 3 times daily.
A dose is scheduled at 7AM, 12PM and 6PM.  
Scheduled at 7:00 AM, 12:00 PM, 6:00 PM
P

7 
Using same times, schedule Furosemide to be taken 2 times daily
A dose is scheduled at 5AM and at 5:30PM.
Scheduled 5:00 AM, 5:30 PM
P

8 
Using same times, schedule Propranolol to be taken 6 times daily.
6 doses are scheduled between 5AM and 10PM, each dose a minimum of 2 hours apart from another dose.
Scheduled at 5:00 AM, 8:30 AM, 12:00 PM, 3:30 PM, 7:00 PM, 10:00 PM.
P

Scheduling – Multiple Drugs

9 
Configure waking time to be 8AM and bedtime to be 11PM.  Meals are at 10AM, 2PM, and 8PM.

Schedule:

· a prescription of Doxycycline to be taken 1 time daily, 
· also schedule a prescription of cholestyramine to be taken 3 times daily.
A single dose Doxycycline is scheduled anytime between 4PM and 6PM.

A dose of Cholestyramine is scheduled at 10AM, 2PM and 8PM.
Doxycyline at 4:30 PM

Cholestyramine at 10:00 AM, 2:00 PM, 8:00 PM.
P

10 
Using same times, schedule:

· a prescription of ibuprofen with a frequency of 1 time a day

· a prescription of cholestyramine scheduled to be taken 3 times a day.
Ibuprofen is scheduled at 10AM. No dose of Cholestyramine is scheduled before 11AM or after 11PM, and each dose is scheduled a minimum of 3 hours from another.
Ibuprofen at 10:00 AM

Cholestyramine at 11:00 AM, 5:30 PM, 11:00 PM.
P

11 
Using the same times, schedule:

· a prescription of sulfamethoxazole frequency 2 times daily 

· a prescription of phenelzine taken 1 time daily.
The system will not schedule phenelzine and a warning message of dangerous drug interaction is displayed. Sulfamethoxazole is scheduled at 10AM and 8PM.
Sulfamethoxazole at 10:00 AM, 8:00 PM

Phenelzine not scheduled and warning displayed.
P

12 
Configure waking time to be 7AM, bedtime 11PM.  Meals are at 8AM, Noon, 7PM.

Schedule:

· propranolol – 2  times daily

· prednisone – 3  times daily

· lithium – 1 time daily
Propranolol is scheduled at 7AM and 11PM.  Prednisone is scheduled at 8AM, noon and 7PM.  Lithium is scheduled at 7AM.  There are no interactions.
Propranolol at 7:00 AM, 11:00 PM.

Prednisone at 8:00 AM, 12:00 PM, 7:00 PM.

Lithium at 7:00 AM
P

13 
Using the same times, schedule:

· famotidine taken 1 time daily

· cimetidine taken 1 time daily
One medication is scheduled at 7AM, and the other medication is scheduled at 11PM.  They are not scheduled at the same time.
Famotidine at 11:00 PM

Cimetidine at 7:00 AM


P

14 
Using the same times, schedule:

· sulfamethoxazole – 2 times daily

· doxycycline – 1 time daily

· colestipol – 3 times daily

· loratadine – 2x daily
Colestipol is scheduled at 8AM, noon and 7PM. Sulfamethoxazole is scheduled at 8AM and 7PM.  

Doxycycline is scheduled between 2PM and 5PM or between 9PM and 10PM. 

Loratadine is NOT scheduled between 7AM-10AM, 11AM-2PM, and 6PM-9PM.
Sulfamethoxazole at 8:00 AM, 7:00 PM

Doxycycline at 2:30 PM

Colestipol at 8:00 AM, 12:00 PM, 7:00 PM

Loratadine at 10:30 AM, 11:00 PM


P

15 
Using the same times, schedule:

· lithium – 1x daily

· Phenelzine – 4x daily

· Cimetidine – 2x daily

· Ibuprofen – 1x daily
Lithium is scheduled at any time between 7AM and 11PM.  

Phenelzine is scheduled 4 times at least 3 hours apart.

Cimetidine is scheduled at 7AM and 11PM (waking and bedtime).

Ibuprofen is scheduled with a meal (8AM, noon, or 7PM).


Lithium at 7:00 AM

Phenelzine at 7:00 AM, 12:30 PM, 6:00 PM, 11:00 PM

Cimetidine at 7:00 AM, 11:00 PM

Ibuprofen at 8:00 AM


P

16 
Using the same times, schedule:

· albuterol inhalation, 4 times daily

· beclomethasone inhalation, 2 times daily
Albuterol is schedule 4 times (a minimum of 2 hours apart).  At 2 of the Albuterol times, beclomethasone is scheduled.
Albuterol at 7:00 AM, 11:30 AM, 4:00 PM, 11:00 PM.

Beclomethasone at 7:00 AM, 11:00 PM.
P
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