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Abstract 
Medication safety systems provide comprehensive frameworks for preventing, 
identifying, and mitigating medication-related harm through integrated 
approaches addressing system vulnerabilities throughout the medication use 
process. Error prevention strategies employ human factors engineering, high-
alert medication safeguards, technology utilization, and standardized 
communication techniques creating multiple layers of protection against 
medication misadventures. Risk management methodologies implement 
proactive assessment through failure mode analysis, medication use 
evaluation, root cause investigation, and simulation training identifying system 
weaknesses before patient harm occurs. Quality assurance programs develop 
performance indicators, compliance monitoring systems, peer review 
processes, and continuous improvement methodologies ensuring consistent 
adherence to safe medication practices across diverse healthcare settings. 
Reporting systems establish voluntary and mandatory event notification 
mechanisms, just culture implementation, aggregate data analysis, and 
systematic learning dissemination transforming individual incidents into 
system-wide improvement opportunities. Safety initiatives target high-risk 
medications including anticoagulants, insulin, opioids, and chemotherapy 
through specialized protocols, technology implementation, and process 
redesign addressing known vulnerability points. This comprehensive 
approach shifts focus from individual blame to system improvement through 
standardization, simplification, automation, and education creating resilient 
medication systems capable of preventing errors despite human fallibility and 
complex healthcare environments. 
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Learning Objectives 

After completion of the chapter, the learners should be able to: 

• Implement error prevention strategies including tall-man 
lettering, sound-alike/look-alike safeguards, and high-alert 
medication protocols to enhance medication safety. 

• Apply risk management methodologies including failure mode 
effects analysis and root cause analysis to identify and address 
system vulnerabilities. 

• Develop quality assurance programs incorporating 
performance indicators, compliance monitoring, and 
continuous improvement methodologies. 

• Implement effective medication error reporting systems that 
encourage reporting, facilitate analysis, and promote system-
wide learning. 

• Design targeted safety initiatives addressing high-risk 
medications, vulnerable populations, and transition points in 
the medication use process. 

• Foster a culture of safety that promotes non-punitive reporting, 
system improvement, and proactive risk identification 
throughout the medication use process. 

ERROR PREVENTION 
Human Factors Engineering 

ognitive load reduction designs systems acknowledging 
limited working memory capacity, particularly during 
stressful situations or with interruptions common in 

healthcare environments, through strategies including standardized 
order sets, clinical decision support tools, and simplified processes 
requiring fewer mental calculations or memory-dependent steps. 
Forcing functions create physical constraints preventing dangerous 
actions, such as incompatible connections between epidural and 
intravenous tubing preventing wrong-route administration, non-
interchangeable gas line connections preventing delivery of incorrect 
medical gases, or electronic systems preventing concurrent orders for 
interacting medications without explicit override. Standardization 
reduces unnecessary variation in processes, concentrations, and 
ordering practices, limiting decision points where errors commonly 
occur through approaches including standard concentrations for 
intravenous medications, uniform prescribing terminology, and 
consistent placement of information on medication labels. 
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Table 14.1: Medication Error Prevention Strategies 

Error Type Contributing Factors Preventive Measures 
Prescribing 
Errors 

Knowledge deficits, 
communication issues, alert 
fatigue 

Clinical decision 
support, standardized 
orders, CPOE systems 

Transcription 
Errors 

Illegible handwriting, verbal 
order miscommunication, 
abbreviation 
misinterpretation 

Electronic prescribing, 
standardized 
communication, 
prohibited abbreviation 
lists 

Dispensing 
Errors 

Look-alike/sound-alike 
drugs, interruptions, 
confirmation bias 

Barcode verification, tall 
man lettering, separated 
storage, double-checks 

Administration 
Errors 

Distractions, calculation 
errors, pump programming 
errors 

Barcode medication 
administration, smart 
pumps, independent 
double-checks 

Monitoring 
Errors 

Missed follow-up, 
documentation gaps, 
communication failures 

Structured monitoring 
plans, closed-loop 
systems, automated 
alerts 

High-Alert 
Medication 
Errors 

Narrow therapeutic index, 
complex dosing, high harm 
potential 

Special protocols, 
enhanced verification, 
restricted access 

Transition of 
Care Errors 

Information gaps, multiple 
providers, reconciliation 
challenges 

Medication 
reconciliation, 
standardized handoffs, 
transition pharmacists 

Technology-
Related Errors 

Design flaws, workarounds, 
alert fatigue 

Human factors 
engineering, usability 
testing, appropriate alert 
thresholds 

High-Alert Medication Management 

Identification and designation uses resources including ISMP's 
high-alert medication lists to identify agents requiring special handling, 
including insulin, anticoagulants, opioids, neuromuscular blockers, and 
concentrated electrolytes, creating organization-specific protocols based 
on both published recommendations and local experience with 
medication incidents. Storage and access limitations include separation 
of look-alike products, restricted access to concentrated electrolytes, and 
segregation of neuromuscular blockers from other medications, with 
particular attention to emergency medications, pediatric preparations, 
and critical care drugs where dosing errors can rapidly cause serious 
harm. Independent double-check requirements mandate verification by 
two qualified individuals for high-risk processes including preparation 
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and administration of chemotherapy, pediatric medications, and 
patient-controlled analgesia programming, with specific protocols  
defining check procedures, documentation requirements, and 
appropriate timing relative to medication administration. 

Technology Utilization 

Computerized provider order entry (CPOE) with clinical decision 
support incorporates safety features including dose range checking, 
allergy screening, duplicate therapy alerts, and clinical contraindication 
warnings, though requiring careful implementation to prevent alert 
fatigue from excessive or clinically insignificant warnings, with tiered 
alert presentation strategies prioritizing highest-risk interactions for 
interruptive alerts while providing non-interruptive information for 
lower-risk situations. Barcode medication administration systems verify 
the "five rights" through electronic matching of patient, medication, 
dose, route, and time, with studies demonstrating 50-80% reductions in 
administration errors following implementation, particularly effective 
when integrated with electronic medication administration records  
documenting actual administration times rather than scheduled times 
alone. Smart infusion pumps with drug libraries incorporate 
medication-specific safety limits, requiring override acknowledgment 
when programmed doses exceed typical parameters, ideally with 
wireless connectivity allowing library updates, utilization tracking, and 
integration with electronic health records. 

Pharmacy Preparation Safety 

Sterile compounding protocols implement USP <797> standards 
including appropriate engineering controls, aseptic technique, 
environmental monitoring, and beyond-use dating to ensure both 
product sterility and accuracy, with particular attention to hazardous 
medication handling following USP <800> requirements for personal 
protective equipment, containment strategies, and waste management. 
Calculation double-checks require independent verification of critical 
calculations including pediatric doses, chemotherapy, and high-risk 
medications using standardized documentation, ideally employing 
different calculation methods or approaches between primary and 
verification calculations to prevent replication of the same error. Ready-
to-use product utilization replaces manual preparation with 
commercially available or pharmacy-prepared standardized products 
whenever possible, reducing manipulation points where errors occur 
through commercially available premixed infusions, unit-dose 
packaging, and standardized concentrations requiring minimal 
preparation before administration. 
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Look-alike/Sound-alike Medication Error Prevention 

Name confusion countermeasures include tall-man lettering 
(highlighting distinguishing parts of similar names such as DOPamine 
and DOBUTamine), separating similar products in storage areas, and 
including both brand and generic names on labels, with systematic 
assessment of new products for potential confusion with existing 
inventory before formulary addition. Packaging differentiation employs 
strategies including auxiliary labels, storage separation, and purchasing 
from different manufacturers when possible to create visual distinctions 
between similar products, with particular attention to products with 
similar packaging within the same therapeutic category where wrong 
drug errors may go undetected due to similar clinical effects. Order 
clarification protocols require verbal confirmation of unusual doses, 
verification of indication for medications with multiple uses, and 
spelling of drug names during verbal orders, with specific procedures  
for high-risk sound-alike situations such as morphine/hydromorphone 
or methotrexate/metronidazole. 

Verbal and Telephone Order Safety 

Read-back verification requires the recipient to read back the 
complete order including patient name, drug, dose, route, and 
frequency, with the prescriber confirming accuracy before 
implementation, replacing ineffective "repeat-back" practices where 
information may be incorrectly heard twice rather than verified. 
Limitation policies restrict verbal orders to urgent situations where 
written or electronic ordering is impractical, rather than convenience or 
routine practice, with specific documentation requirements noting the 
emergent circumstances necessitating verbal communication rather than 
standard ordering processes. Standardized terminology employs 
protocols prohibiting dangerous abbreviations and requiring spelling of 
medication names, full expression of doses, and explicit leading zeros 
for decimal doses, with particular attention to numbers where misheard 
digits could result in ten-fold dosing errors. 

Handoff Communication Improvement 

Standardized handoff tools including SBAR (Situation-Background-
Assessment-Recommendation) or I-PASS (Illness severity, Patient 
summary, Action list, Situation awareness, Synthesis) provide 
structured frameworks ensuring complete information transfer, with 
medication-specific elements highlighted as critical components 
requiring explicit communication rather than assumed knowledge. 
Medication reconciliation processes systematically compare medication 
regimens across transitions to identify and resolve discrepancies before 
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causing harm, with particular attention to high-risk transitions including 
hospital admission, transfer between units, and discharge to different 
care levels. Documentation standardization creates consistent formats 
for medication information across care settings, electronic systems, and 
departments to prevent misinterpretation, including standardized 
medication histories, administration records, and discharge instructions 
with explicit sections addressing medication changes, monitoring 
requirements, and follow-up expectations. 

Patient Engagement Strategies 

Medication education provides information about medication 
purposes, appearance, expected effects, and potential adverse reactions, 
enabling patients to question unexpected medications, with teach-back 
verification ensuring comprehension beyond passive information 
provision or simple acknowledgment of instructions. Self-management 
tools including medication lists, administration schedules, and 
symptom diaries support patient participation in safety monitoring, 
with updated information provided following medication changes and 
specific guidance about which symptoms warrant immediate contact 
versus routine follow-up. Reporting encouragement empowers patients 
to speak up about potential errors, medication concerns, or unexpected 
effects without fear of negative consequences, with specific mechanisms 
including bedside reporting systems, direct communication pathways to 
pharmacy departments, and inclusion of safety reporting options in 
patient education materials. 

RISK MANAGEMENT 
Failure Mode and Effects Analysis (FMEA) 

rocess mapping creates detailed flowcharts documenting 
each step in high-risk medication processes, identifying 
decision points, handoffs, and complexity that increase error 

vulnerability, typically beginning with broad process outlines and 
progressively adding detail to capture all substeps, responsible parties, 
and information transfers within complex medication systems. Failure 
identification systematically examines each process step to determine 
potential failure modes, considering human factors, environmental 
variables, and system weaknesses through structured team discussion 
including representatives from all disciplines involved in the medication 
process. Severity and probability scoring assigns numerical ratings to 
each potential failure based on likelihood of occurrence and potential 
consequences, creating prioritization for improvement efforts, typically 
using 1-10 scales for both dimensions with combined scores or matrices 
determining overall risk ranking. 

P 
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Medication Use Evaluation (MUE) 

Criteria development establishes explicit standards for appropriate 
medication use based on evidence-based guidelines, institutional 
protocols, or best practice recommendations, creating objective 
measures against which actual practice can be evaluated without relying 
on individual judgment or variable standards.  

Table 14.2: Risk Management Methodologies 

Risk 
Managemen
t Approach 

Application 
Methodology 

Implementation 
Requirements 

Outcome Measures 

Failure 
Mode and 
Effects 
Analysis 
(FMEA) 

Proactive 
process 
analysis, 
failure 
identification, 
mitigation 
development 

Multidisciplinar
y team, process 
mapping, risk 
scoring, action 
planning 

Risk reduction scores, 
process improvement, 
prevented failures 

Root Cause 
Analysis 
(RCA) 

Retrospective 
event 
investigation, 
contributing 
factor 
identification, 
system 
improvement 

Event reporting, 
investigation 
team, causal 
factor 
identification, 
action plans 

Recurrence 
prevention, system 
changes, contributing 
factor reduction 

Medication 
Use 
Evaluation 
(MUE) 

Targeted drug 
use 
assessment, 
criteria 
development, 
performance 
measurement 

Drug selection 
criteria, data 
collection 
methodology, 
performance 
comparison 

Practice alignment 
with criteria, 
intervention 
development, 
improvement trends 

Medication 
Error 
Reporting 
Analysis 

Aggregate 
data review, 
pattern 
identification, 
system 
vulnerability 
detection 

Reporting 
system, 
taxonomy 
standardization, 
trend analysis 
methodology 

Error category trends, 
intervention 
effectiveness, 
reporting culture 
measures 

Probabilistic 
Risk 
Assessment 

Mathematical 
modeling, 
failure 
probability 
calculation, 
risk 
quantification 

Statistical 
expertise, 
comprehensive 
data sources, 
model 
validation 

Risk probability 
reduction, 
intervention 
prioritization, 
resource allocation 
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