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Healthcare information systems have become an essential tool in
modern hospitals for improving quality of care. The Institute of Medicine
CI0M) brought patient safety issue into the public attention in 1ts 1999
report- To Frr 1s Human. [t 1s estimated that medical errors were
responsible for 98, 000 deaths in the United States every year. In order
to tackle the patient safety 1ssues, our hospital has established a center
dedicated to building a safer healthcare environment for patients with
a focus on information technology.

We deplay data mining methodologies to retrospectively analyze



prescription data of Wanfang hospital for the past 3 years. We developed
models to prevent medication errors as a first step. We devive the drug
Interactions In fermus of severity, frequency, and cost-effectiveness.
These top drug interactions detected and reported are converted to rules
for remindding clinicians so that the potential injury can be minimized.
We develop an interaction model that is used to implement decision support
systems that reduce prescription errors In an environment with CPOE
(Computerized Physician Order Entry) by reminding clinicians in clinics.

Key Words : Patient Safety [nformatics, Medical Decision Support,
Medication Error, Drug Interaction
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DDI (Drug-drug Interaction Reminder)
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B DRUG-REAX® Interactive Drug Interactions. (Thomson
MICROMEDEX, 1974-2003)
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SR (Severity Documentation

1 Mgor Established
Probable
suspected

2  |Moderate Established




Probable
suspected
3  [Minor Established
Probable
suspected
4  |Magor/Moderate  |Possible
5 |Minor Possible
Any Unlikely
2. Onset
B Rapid: within 24 hours
B Delayed: daysto weeks
3. Severity
B Major: life-threatening or permanent damage

Moderate: deterioration of patient's status
Minor: bothersome or little effect

4. Documentation

Established: proven to occur in well-controlled studies
Probable: very likely, but not proven clinically

Suspected: may occur, some good data, needs more study
Possible: could occur, but data are very limited

Unlikely: doubtful: no good evidence of an altered clinical
effect
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WARFARIN ASPIRIN 667
POTASSIUM
CHLORIDE SPIRONOLACTONE 153
DIGOXIN VERAPAMIL 139
WARFARIN GEMFIBROZIL 78
WARFARIN FENOFIBRATE 70
PREDNISOLONE RIFAMPIN 33
DIGOXIN PROPAFENONE 17
POTASSIUM
CHLORIDE AMILORIDE 16
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[ Adverse Effect] Concurrent use of ASPIRIN and WARFARIN
may result in an increased risk of bleeding.
[ Clinica Management] The use of salicylates and warfarin is not

an absolute contraindication, but should be avoided whenever
possible. If aspirin and warfarin must be used together, carefully
monitor the prothrombin time (PT) or international normalized
ratio (INR) and watch the patient for signs of bleeding.
Non-acetylated salicylates or acetaminophen are alternatives for
analgesia.

[Onset] delayed

[ Probable Mechanism] displacement of warfarin from plasma

albumin, inhibition of metabolism of warfarin, direct
hypoprothrombinemic effect of aspirin, gastric erosion

POTASSIUM CHLORIDE SPIRONOLACTONE

[ Adverse Effect] Concurrent use of POTASSIUM and
SPIRONOLACTONE may result in hyperkalemia.

[ Clinica Management] If used concurrently, monitor serum

potassium closely.

[Onset] delayed

[ Probable Mechanism] decreased renal clearance

DIGOXIN VERAPAMIL




[ Adverse Effect ] Concurrent use of DIGOXIN and VERAPAMIL

may result in increased serum digoxin concentrations and toxicity
(nausea, vomiting, arrhythmias).

[ Clinica Management] Monitor patient for signs or symptoms of

digitalis glycoside toxicity (nausea, vomiting, cardiac rhythm
disturbance) and laboratory evidence of unacceptable increasesin
serum digoxin concentrations. Adjust dose as required.

[Onset] delayed

[ Probable Mechanism] inhibition of rena and/or extrarenal

digoxin clearance

WARFARIN GEMFIBROZIL

[ Adverse Effect] Concurrent use of GEMFIBROZIL and
WARFARIN may result in an increased risk of bleeding.
[ Clinical Management] In patients receiving warfarin and

gemfibrozil concurrently, the prothrombin time ratio or
international normalized ratio (INR) should be monitored to assess
the anticoagulant response. The warfarin dosage may need to be
adjusted with the addition and withdrawal of gemfibrozil and
periodically during concurrent therapy to maintain the desired level
of anticoagulation.

[Onset] delayed

[ Probable Mechanism] decreased warfarin metabolism;

displacement of warfarin from protein binding sites

WARFARIN FENOFIBRATE




[ Adverse Effect] Concurrent use of WARFARIN and
FENOFIBRATE may result in an increased risk of bleeding.
[ Clinica Management] In patients receiving warfarin and

fenofibrate concurrently, the prothrombin time (PT) or international
normalized ratio (INR) should be monitored with the addition and
withdrawal of treatment with fenofibrate, and should be reassessed
periodically during concurrent therapy. Warfarin dosage
adjustments may be required to maintain the desired level of
anticoagulation.

[Onset] delayed

[ Probable Mechanism] decreased warfarin metabolism;

displacement of warfarin from protein binding sites

PREDNISOLONE RIFAMPIN

[ Adverse Effect] Concurrent use of PREDNISOLONE and

RIFAMPIN may result in decreased prednisolone effectiveness.

[ Clinica Management] Monitor corticosteroid effects and

increase the dose of prednisolone if necessary. A dose reduction
may be necessary if rifampin is discontinued.

[Onset] delayed

[ Probable Mechanism] induction of hepatic metabolism

DIGOXIN PROPAFENONE




[ Adverse Effect] Concurrent use of PROPAFENONE and

DIGOXIN may result in digoxin toxicity (nausea, vomiting,
cardiac arrhythmias).

[ Clinica Management] Monitor digoxin levels 48 to 96 hours

after discontinuing or adding propafenone to digoxin therapy. In
addition, monitor digoxin levels when doses of propafenone are
Increased.

[Onset] delayed

[ Probable Mechanism] decreased clearance, decreased

distribution

POTASSIUM CHLORIDE AMILORIDE

[ Adverse Effect] Concurrent use of POTASSIUM and
AMILORIDE may result in hyperkalemia.

[ Clinica Management] If used concurrently, monitor serum
potassium closely.

[Onset] delayed

[ Probable Mechanism] decreased potassium clearance

POTASSIUM IODIDE SPIRONOLACTONE

[ Adverse Effect] Concurrent use of POTASSIUM and
SPIRONOLACTONE may result in hyperkalemia.

[ Clinical Management] If used concurrently, monitor serum

potassium closely.

[ Onset] delayed

[ Probable Mechanism] decreased renal clearance
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PHENY TOIN PREDNISOLONE 135
ERYTHROMY CIN THEOPHYLLINE 125
ERYTHROMY CIN AMINOPHYLLINE 87
FLUVOXAMINE CLOZAPINE 85
RIFAMPIN THEOPHYLLINE 70
RIFAMPIN AMINOPHYLLINE 46
CIPROFLOXACIN AMINOPHYLLINE 29
PHENY TOIN DEXAMETHASON 29
E
CLARITHROMYCIN [THEOPHYLLINE 20
IMIPRAMINE EPHEDRINE 20
CIPROFLOXACIN THEOPHYLLINE 19
ISONIAZID PHENY TOIN 17
PHENY TOIN CORTISONE 16
METHIMAZOLE DIGOXIN 15
CLARITHROMYCIN |AMINOPHYLLINE 10
FLUOXETINE CLOZAPINE 8
DOXEPIN EPHEDRINE 4
PROPYLTHIOURACIL [DIGOXIN 3
FLUCONAZOLE DIAZEPAM 3




NORFLOXACIN THEOPHYLLINE 3
FLUCONAZOLE ESTAZOLAM 2
AZITHROMYCIN THEOPHYLLINE 2
SERTRALINE CLOZAPINE 2
KETOCONAZOLE ALPRAZOLAM 2
PHENOBARBITAL PREDNISOLONE 2
PHENY TOIN FLUDROCORTISO 1
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DIGOXIN FUROSEMIDE 2054
DIGOXIN AMIODARONE 349
ISONIAZID RIFAMPIN 273
DIGOXIN INDAPAMIDE 190
DIGOXIN TRICHLORMETHIAZI | 108
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ATENOLOL VERAPAMIL 70
ACEBUTOLOL  |VERAPAMIL 51
PYRIDOSTIGMINE |PREDNISOLONE 49
PROPRANOLOL  [VERAPAMIL 37
WARFARIN KETOCONAZOLE 26
METOPROLOL  [VERAPAMIL 5
DIGOXIN CLARITHROMYCIN 1
CLONIDINE IMIPRAMINE 1
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METHIMAZOLE PROPRANOLOL 981
ALUMINUM DOXYCYCLINE 881
HYDROXIDE
PHENYTOIN AMINOPHYLLINE 430
METOCLOPRAMIDE DIGOXIN 362
INDAPAMIDE GLYBURIDE 360
PROPY LTHIOURACIL PROPRANOLOL 309
ALUMINUM MINOCY CLINE 287
HYDROXIDE
MAGNESIUM OFLOXACIN 255
HYDROXIDE
INDAPAMIDE GLIPIZIDE 208
VERAPAMIL ATORVASTATIN 198
PREDNISOLONE ASPIRIN 176
ALUMINUM OFLOXACIN 155
HYDROXIDE
FLUOXETINE IMIPRAMINE 127
PHENYTOIN THEOPHYLLINE 123
TRICHLORMETHIAZIDE |GLYBURIDE 121
TRICHLORMETHIAZIDE |GLIPIZIDE 108
TRICHLORMETHIAZIDE [FUROSEMIDE 104
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MAGNESIUM LEVOFLOXACIN 73
HY DROXIDE

CHLORPROMAZINE  |PROPRANOLOL 73
PHOSPHATE MINOCY CLINE 71
MAGNESIUM NORFLOXACIN 65
HY DROXIDE

MAGNESIUM CIPROFLOXACIN 63
HY DROXIDE

NAPROXEN PROPRANOLOL 63
VALPROATE SODIUM  [LAMOTRIGINE 62
ALUMINUM CIPROFLOXACIN 59
HY DROXIDE

METHIMAZOLE METOPROL OL 57
PROPRANOLOL THEOPHYLLINE 56
INDAPAMIDE FUROSEMIDE 50
ALUMINUM LEVOFLOXACIN 50
HY DROXIDE

ALUMINUM SPARFLOXACIN 45
HY DROXIDE

NAPROXEN ATENOLOL 41
ALUMINUM PENICILLAMINE 37
HY DROXIDE

PROPAFENONE PROPRANOLOL 34
FLUVOXAMINE IMIPRAMINE 26
PROPRANOLOL AMINOPHY LLINE 26
TRIMETHOPRIM PHENY TOIN 26
CORTISONE ASPIRIN 26
ALUMINUM TETRACY CLINE 22
HY DROXIDE

PHENOBARBITAL PROPRANOLOL 21
CALCIUM CARBONATE |OFLOXACIN 19
VALPROICACID LAMOTRIGINE 18

MAGNESIUM
HYDROXIDE

SPARFLOXACIN

17
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INDOMETHACIN ATENOLOL 16
HYDRALAZINE PROPRANOLOL 15
AMIODARONE PHENYTOIN 14
CALCIUM CARBONATE |CIPROFLOXACIN 10
PROPYLTHIOURACIL METOPROLOL 9
INDOMETHACIN LISINOPRIL 9
RIFAMPIN BISOPROLOL 8
NAPROXEN BISOPROLOL 7
ALUMINUM NORFLOXACIN 5
HYDROXIDE

NAPROXEN ACEBUTOLOL 4
THIORIDAZINE PROPRANOLOL 4
CALCIUM CARBONATE |[LEVOFLOXACIN 3
CALCIUM CARBONATE [SPARFLOXACIN 3
SUCRALFATE OFLOXACIN 2
SUCRALFATE CIPROFLOXACIN 2
INDOMETHACIN PROPRANOLOL 2
ITRACONAZOLE FELODIPINE 2
INDOMETHACIN BISOPROLOL 1
HYDRALAZINE METOPROLOL 1
INDOMETHACIN ENALAPRIL 1
DEXAMETHASONE ASPIRIN 1
FLUCONAZOLE PHENYTOIN 1
FLUDROCORTISONE ASPIRIN 1
SUCRALFATE SPARFLOXACIN 1
CALCIUM CARBONATE |MINOCY CLINE 1
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