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Canadian Study (results)Canadian Study (results)

289 289 AEsAEs from 3745 chartsfrom 3745 charts
7.5% AE  (1 in 13 hospitalizations)7.5% AE  (1 in 13 hospitalizations)
37 % preventable37 % preventable
App. 34% involved surgical eventsApp. 34% involved surgical events
App. 24% involved drugs and fluidsApp. 24% involved drugs and fluids



Canadian Study (Interpretation)Canadian Study (Interpretation)

185,000 185,000 AEsAEs
70,000 preventable70,000 preventable
43,200 43,200 AEsAEs related to Drugs/Fluidsrelated to Drugs/Fluids
> 10,000 preventable > 10,000 preventable ADEsADEs
Between 9,250 to 23,750 deaths from Between 9,250 to 23,750 deaths from AEsAEs
in Canadian hospitalsin Canadian hospitals



Research HighlightsResearch Highlights

Boston hospitalsBoston hospitals 1997 (Bates et al)1997 (Bates et al)

additional length of stay for additional length of stay for preventablepreventable
ADE = 4.6 daysADE = 4.6 days
increase in cost for preventable ADE =  increase in cost for preventable ADE =  
$5857$5857
cost for preventable ADE in 700cost for preventable ADE in 700--bed bed 
teaching hospital = $2.8 millionteaching hospital = $2.8 million



Relationship Between Med Relationship Between Med 
Errors and Errors and ADEsADEs

In a 200 bed facility:In a 200 bed facility:

DosesDoses ErrorsErrors ADEsADEs
2,0002,000 == 200200 =   2 per day!=   2 per day!

Slide from the presentation on Analysis of Medication Errors in 36 Hospitals 
and SNFs, by Kenneth N. Barker, et al at ASHP Midyear Clinical Meeting, 
2002. 



Relationship of Medication Relationship of Medication 
Errors to Errors to ADEsADEs

Bates study using chartBates study using chart--reviewreview--
plusplus--selfself--report method detected 1 report method detected 1 
ADE per 100 errors.ADE per 100 errors.

Bates DW, et al.  Relationship between medication errors and advBates DW, et al.  Relationship between medication errors and adverse erse 
drug events.  drug events.  J. Gen Intern Med J. Gen Intern Med 10:19910:199--205, 1995205, 1995



Canadian Canadian CollaborativesCollaboratives
CMIRPSCMIRPS
CCHSACCHSA
OHAOHA
Provincial Provincial 

OntarioOntario
ManitobaManitoba
SaskatchewanSaskatchewan
Nova ScotiaNova Scotia
British ColumbiaBritish Columbia
AlbertaAlberta



Adverse Study on Adverse Study on 
Discharged PatientsDischarged Patients

Adverse events among medical patients Adverse events among medical patients 
after discharge from hospitalafter discharge from hospital

by Alan Forsterby Alan Forster

328 patients: 76 experienced AE (23%)328 patients: 76 experienced AE (23%)

Most common Most common AEsAEs are are ADEsADEs (72%)(72%)



Incidence and Severity of Adverse Incidence and Severity of Adverse 
Events After DischargeEvents After Discharge

400 medical inpatients400 medical inpatients
Adverse event rate 19%Adverse event rate 19%

6% preventable6% preventable
48% of ADEs resulting in at least non48% of ADEs resulting in at least non--
permanent disability preventablepermanent disability preventable

6% ameliorable6% ameliorable
Of adverse eventsOf adverse events

66% were ADEs66% were ADEs
17% procedure17% procedure--relatedrelated

Forster et al, Ann Intern Med, 2003



PrePre--hospitalized AE Study hospitalized AE Study 
(Forster)(Forster)

502 adult patients in Ottawa Hospital502 adult patients in Ottawa Hospital
64 adverse events (12.7%)64 adverse events (12.7%)
one third deemed preventable one third deemed preventable 
Most events due to Drug TreatmentMost events due to Drug Treatment
25 after admission; 39 pre25 after admission; 39 pre--hospitalizedhospitalized
Safety must be addressed in ambulatory Safety must be addressed in ambulatory 
care frontcare front



ISMP CanadaISMP Canada
Ontario Medication Error StudyOntario Medication Error Study
A descriptive Study on Analysis of A descriptive Study on Analysis of 
Medication Errors from a sample of Ontario Medication Errors from a sample of Ontario 
hospitals using a standardized data hospitals using a standardized data 
collection approach of a software program collection approach of a software program 
(Analyze(Analyze--ERR)ERR)
Make limited comparison with studies of Make limited comparison with studies of 
medication error and Adverse Drug Events medication error and Adverse Drug Events 
in the US.in the US.



ISMP CanadaISMP Canada
Ontario Medication Error StudyOntario Medication Error Study
Ontario MOHLTC funded studyOntario MOHLTC funded study
Voluntary Reporting via the AnalyzeVoluntary Reporting via the Analyze--ERR ERR 
software programsoftware program
Data on errors/near misses and causesData on errors/near misses and causes
14 hospitals in Ontario / 12 months data 14 hospitals in Ontario / 12 months data 
collectioncollection
Over 4,200 error events reportedOver 4,200 error events reported



Ontario Medication Error Ontario Medication Error 
Study Study (continued)(continued)

Type of errorType of error
Outcome descriptionOutcome description
Severity CodeSeverity Code
DrugDrug’’s therapeutic classifications therapeutic classification
Stages when error occursStages when error occurs
Time of the day of errorTime of the day of error
Age and gender of patientAge and gender of patient
Program/service where error occurProgram/service where error occur



Why Medication Safety?Why Medication Safety?

One of the leading causes of adverse events One of the leading causes of adverse events 
in many studiesin many studies
High visibility and high costHigh visibility and high cost
Many key technology, information Many key technology, information 
management, and error prevention strategies management, and error prevention strategies 
are are already developedalready developed



Most Frequent Serious Error Most Frequent Serious Error 
TypesTypes

InsulinInsulin
Free flow IV Free flow IV 
pumpspumps
PCA devicesPCA devices
ParenteralParenteral narcoticsnarcotics
LidocaineLidocaine

Cancer Cancer 
chemotherapychemotherapy
Neuromuscular Neuromuscular 
blockersblockers
Conscious sedationConscious sedation
Concentrated Concentrated 
electrolytes electrolytes 
(potassium, magnesium, (potassium, magnesium, 
phosphate)phosphate)



Key Medication Use IssuesKey Medication Use Issues

High Alert Drugs (concentrated electrolytes; High Alert Drugs (concentrated electrolytes; 
narcotics; antinarcotics; anti--coagulants; insulin)coagulants; insulin)
Infusion PumpsInfusion Pumps
Clinical JudgementClinical Judgement
Product Issues (Labels; Packaging)Product Issues (Labels; Packaging)



Rank Order of Error Rank Order of Error 
Reduction StrategiesReduction Strategies

Forcing functions and constraintsForcing functions and constraints
Automation and computerizationAutomation and computerization
Simplify and standardizeSimplify and standardize
Reminders, check lists and double check Reminders, check lists and double check 
systemssystems
Rules and policiesRules and policies
EducationEducation
InformationInformation
Punishment (no value)Punishment (no value)



Primary Principles in Primary Principles in 
Error ReductionError Reduction

Reduce or Eliminate the Possibility of ErrorsReduce or Eliminate the Possibility of Errors
Failure mode analysisFailure mode analysis
Root cause analysisRoot cause analysis
System redesign (HFE principles)System redesign (HFE principles)

Make Errors VisibleMake Errors Visible
Computer alertsComputer alerts
Warnings/reminders Warnings/reminders 
Double check systemsDouble check systems
Triggers (markers)Triggers (markers)



Three ways to improve Three ways to improve 
safetysafety



Safety StrategiesSafety Strategies

Implement Best Practices on High Alert DrugsImplement Best Practices on High Alert Drugs
Develop Best Practices dealing with Infusion Develop Best Practices dealing with Infusion 
PumpsPumps
Deploy Clinical PharmacistsDeploy Clinical Pharmacists
Continuum of Care (communication)Continuum of Care (communication)
Proactive Risk Assessment Tool Proactive Risk Assessment Tool 
Technology Technology 



ISMP Canada  Medication Safety Support Service
Potassium Chloride Concentrate Follow Up Survey
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ISMP Canada  Medication Safety Support Service
Potassium Chloride Concentrate Follow Up Survey
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ISMP Canada  Medication Safety Support Service
Potassium Chloride Concentrate Follow Up Survey
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Other Potassium IssuesOther Potassium Issues
Storage of conc. Storage of conc. KClKCl in special areasin special areas

ICUICU
OR/EROR/ER
Pediatrics/NeonatesPediatrics/Neonates
PharmacyPharmacy

Other concentrate Potassium saltsOther concentrate Potassium salts
Potassium phosphatePotassium phosphate
Potassium AcetatePotassium Acetate



Narcotic Medication Safety Narcotic Medication Safety 
InitiativeInitiative

Storage and LabelingStorage and Labeling
Restricting the storage of high potency Restricting the storage of high potency 
narcoticsnarcotics
Developing process/system alerting staff with Developing process/system alerting staff with 
similar namessimilar names

Morphine Morphine vsvs HydromorphoneHydromorphone
HydromorphoneHydromorphone vsvs HydromorpHydromorp ContinContin
OxyOxy--IR IR vsvs OxyOxy--ContinContin
FentanylFentanyl vsvs SufentanylSufentanyl



Narcotic Medication Safety Narcotic Medication Safety 
InitiativeInitiative

StandardizationStandardization
Limiting choice of concentrationLimiting choice of concentration
Restricting use of Restricting use of MeperidineMeperidine



Narcotic Medication Safety Narcotic Medication Safety 
InitiativeInitiative

Patient Controlled Analgesia (PCA) and Patient Controlled Analgesia (PCA) and 
Epidural NarcoticsEpidural Narcotics

Establishing patient selection criteriaEstablishing patient selection criteria
Using specialty, Using specialty, colouredcoloured tubing to tubing to 
differentiate epidural from IV tubingdifferentiate epidural from IV tubing



Narcotic Medication Safety Narcotic Medication Safety 
InitiativeInitiative

Independent Double ChecksIndependent Double Checks
Developing documentation process for Developing documentation process for 
selected independent doubleselected independent double--checkschecks



Independent Checking:Independent Checking:
Does it work?Does it work?

Two practitioners going through the same Two practitioners going through the same 
calculation or reading the same labels not calculation or reading the same labels not 
exactly exactly ““independentindependent””
System induced errors hard to checkSystem induced errors hard to check
Need proper training Need proper training 
Double check on high alert drugsDouble check on high alert drugs
Double check on high risk patientsDouble check on high risk patients



ISMP Canada Infusion Pump Safety Project
Pump Problems Encountered
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ISMP Canada Infusion Pump Safety Project
Pump Problems Reported
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Warning Notice from HCWarning Notice from HC
on Infusion pumpson Infusion pumps

Reports received between 1987Reports received between 1987--20032003
425 Incidents425 Incidents
135 injuries135 injuries
23 deaths23 deaths
127 potential deaths or injuries127 potential deaths or injuries



Warning Notice from HCWarning Notice from HC
on Infusion pumpson Infusion pumps

Key Recommendations:Key Recommendations:
Adequate trainingAdequate training
Free flow protectionFree flow protection
ErgonomicsErgonomics
Programming safeguards (smart pumps)Programming safeguards (smart pumps)
Criteria and education on PCA useCriteria and education on PCA use



What is next?What is next?
Infusion Pump a National Concern: Needs a Infusion Pump a National Concern: Needs a 
National StrategyNational Strategy
Strategies on infusion pump endStrategies on infusion pump end--user sideuser side
Recommendations to manufacturersRecommendations to manufacturers
Health CanadaHealth Canada’’s role on monitorings role on monitoring
A Collaborative from key stakeholdersA Collaborative from key stakeholders
Needs Support and Resources Needs Support and Resources 
CPSI taking the lead and coordinationCPSI taking the lead and coordination



Computerized Physician Computerized Physician 
Order EntryOrder Entry

Single most powerful intervention for Single most powerful intervention for 
improving medication safety to dateimproving medication safety to date
Over 80% reduction in medication error rateOver 80% reduction in medication error rate
Need to have associated decision support if Need to have associated decision support if 
want to see high level of benefitwant to see high level of benefit



BarBar--codingcoding
Technology is inexpensiveTechnology is inexpensive
Would help in:Would help in:

Matching medication orders and drug productsMatching medication orders and drug products
Medications dispensed/administeredMedications dispensed/administered
Identifying correct patientIdentifying correct patient

Will knowWill know
What/how much/who/whenWhat/how much/who/when

Few published data so far, but experience in other Few published data so far, but experience in other 
industries suggest important benefitindustries suggest important benefit



Impact of Impact of ““SmartSmart”” IV PumpsIV Pumps
Few administration errors get caughtFew administration errors get caught

Yet intravenous errors can be especially dangerous Yet intravenous errors can be especially dangerous 
CaseCase

Heparin bolus dose of 4000 units, followed by an Heparin bolus dose of 4000 units, followed by an 
infusion of 890 units/hrinfusion of 890 units/hr

4000 unit bolus dose was given appropriately4000 unit bolus dose was given appropriately
But nurse misinterpreted the order and programmed the But nurse misinterpreted the order and programmed the 
infusion device to deliver 4000 U/hour, not 890 U/hourinfusion device to deliver 4000 U/hour, not 890 U/hour

Smart pump alerted nurseSmart pump alerted nurse
Early dataEarly data——2 such errors/day in 4002 such errors/day in 400--bed hospitalbed hospital

ISMP Newsletter Feb 6, 2002





Accurate AdministeringAccurate Administering
Automated bedside verificationAutomated bedside verification

Provides legible onProvides legible on--line line 
MARMAR

Enhances care team Enhances care team 
communicationscommunications
Comprehensive  Comprehensive  
charting for enhanced charting for enhanced 
billingbilling



BarBar--code and Medication code and Medication 
AdministrationAdministration

71% decrease in medication error rate 
over 2 years

33% decrease in wrong drug
52% decrease in omitted doses

Puckett, F.  Am J Health-Sys Pharm, 1995



Human Factors Engineering Human Factors Engineering 
101101

HFE: a discipline concerned with design of systems, HFE: a discipline concerned with design of systems, 
tools, processes, machines that take into account tools, processes, machines that take into account 
human capabilities, limitations, and characteristicshuman capabilities, limitations, and characteristics

HFE = Ergonomics = usability HFE = Ergonomics = usability 
engineering = user centered designengineering = user centered design



Human Factors Engineering Human Factors Engineering 
(HFE)(HFE)

Medical devices such as infusion pumpsMedical devices such as infusion pumps
Computer software designComputer software design
Point of care dispensing cabinetsPoint of care dispensing cabinets
Labeling and packaging of pharmaceuticalsLabeling and packaging of pharmaceuticals
Distribution systemDistribution system
Protocols/Policies and ProceduresProtocols/Policies and Procedures



FMEA definitionFMEA definition

FMEA is a teamFMEA is a team--based systematic and based systematic and 
proactive approach for identifying the ways proactive approach for identifying the ways 
that a process or design can fail, why it that a process or design can fail, why it 
might fail, the effects of that failure and might fail, the effects of that failure and 
how it can be made safer.how it can be made safer.
FMEA focuses on how and when a system FMEA focuses on how and when a system 
will fail, not IF it will fail.will fail, not IF it will fail.



Why FMEA?Why FMEA?
ItIt’’s a s a ““brain flipbrain flip”” for health care for health care –– bringing bringing 
analysis logic into the hospitalanalysis logic into the hospital
Takes a proactive approach and reduces the gaps Takes a proactive approach and reduces the gaps 
in quality and safetyin quality and safety
DonDon’’t have to wait until a patient dies, or is t have to wait until a patient dies, or is 
injured to make system fixesinjured to make system fixes
Makes systems more Makes systems more ““robustrobust”” and enhances and enhances 
performanceperformance
Makes systems more Makes systems more ““fault tolerantfault tolerant””
Focuses on systems, not individualsFocuses on systems, not individuals



FMEA versus RCA (when to FMEA versus RCA (when to 
use)use)

Proactive look at designing a new system or Proactive look at designing a new system or 
processprocess
When processes are changedWhen processes are changed
High Risk processesHigh Risk processes
Complex processesComplex processes
Interdisciplinary processes with hand offs Interdisciplinary processes with hand offs 
and interdependent stepsand interdependent steps



FMEA versus RCA (when to FMEA versus RCA (when to 
use)use)

FMEA = Future (preventative)FMEA = Future (preventative)
RCA = Retrospective (after the event or RCA = Retrospective (after the event or 
close call)close call)



Where do We go from Here?Where do We go from Here?
Continue working on highContinue working on high--risk Potassium risk Potassium 
products products 
Develop best practices for opiate narcoticsDevelop best practices for opiate narcotics
Work on CMIRPS developmentWork on CMIRPS development
Ontario medication error database with annual Ontario medication error database with annual 
reportreport
Expand implementation of Medication Safety Self Expand implementation of Medication Safety Self 
AssessmentAssessment
Implement workshops on HFE and CHImplement workshops on HFE and CH--FMEAFMEA



www.ismpwww.ismp--canada.orgcanada.org


