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Failure Mode and Effects Analysis (FMEA)

What is it?
• A method for ranking and managing risk

• Identify risk
• Analyse risk
• Control risk

• Can be quantitative or qualitative



Failure 
Mode 
and 
Effects 
Analysis 
(FMEA)

Failure modes (What could 
go wrong?)

Failure causes (Why would 
the failure happen?)

Failure effects (What would 
be the consequences of each 
failure?)



Failure Mode and Effects Analysis (FMEA)

When might you use it?
• Analysing failures

• what has a high impact or happens often?

• Process improvement
• introducing or amending a work practice

• Workplace redesign
• new location, new equipment, staffing changes



Basic risk management model
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Failure Mode and Effects Analysis (FMEA)

1949: US Military

1960s: 
NASA

1970s: 
Aviation; Oil & 
Gas; Auto 
industry; Food 
industry

2000+: 
Most industries, 
including healthcare
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FMEA tools - healthcare

https://www.patientsafety.va.gov/professionals/
ontheob/HFMEA.asp

https://www.ihi.org/resources/Pages/Tools/Fail
ureModesandEffectsAnalysisTool.aspx

https://www.patientsafety.va.gov/professionals/
https://www.ihi.org/resources/Pages/Tools/FailureModesandEffectsAnalysisTool.aspx
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FMEA tools - healthcare

https://www.patientsafety.va.gov/professionals/onthej
ob/HFMEA.asp

https://www.ihi.org/resources/Pages/Tools/Fail
ureModesandEffectsAnalysisTool.aspx
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(                 )

VHA National Center for 
Patient Safety ncps@va.gov
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• Must be able to define the system, process 
or problem 

• Must not be overly complex or have too 
many subprocesses

• If large or complex, pick the most 
critical subprocess:

e.g. instead of ‘medication management’, 
pick ‘medication ordering’, ‘dispensing’ or 
‘administration processes’ 

Step 1. Define the topic
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Step 2. Assemble the team

• A safety, quality or risk management expert 
to lead

• Multidisciplinary team
• Subject Matter Experts (SMEs)
• Include everyone who is involved in the 

process
• Core members will be part of the 

analysis and outcomes group
• Ancillary members may only need to 

participate in ‘Step 3. Describing the 
process’
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Step 3. (Graphically) describe the process

• Break the process or problem into specific steps, 
and number each step

• Using a process mapping method your team is 
familiar with can help:

e.g. flowcharts, fishbone diagrams, swim lanes, 
Functional Resonance Analysis Method (FRAM), etc
• Map how the process is routinely done (Work-as-

Done)
e.g. if working with an incident, describe the process 
as it should happen
• At the end of this step, you will have a numbered 

list of processes
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Step 3. (Graphically) describe the process

• Working down the numbered list of processes, list all 
possible ‘failure modes’

e.g. anything that could go wrong, including minor or rare 
problems
• For each failure mode listed, identify all possible 

causes
e.g. why would the failure happen?
• Using an incident analysis method your team is 

familiar with can help:
e.g. Root Cause Analysis, fishbone diagrams, ACCIMAP, 
fault trees, etc
• For each failure mode listed, identify the failure effects
e.g. what would be the consequences of the failure?

Process Failure Cause Effect

Step 1. 1.

Step 1. 2.

Step 1. 3.

Step 1. 4.

Step 1. 5.

Step 2. 1.

Step 2. 2.

Step 2. 3.

etc



Step 4. Conduct the analysis

Process Failure Cause Effect Likelihood of 
occurrence
(1-10) 

Likelihood 
of detection
(1-10) 

Severity 
(1-10)

Risk Profile 
Number 
(RPN)

Actions to 
reduce 
occurrence

Step 1. 1.
Step 1. 2.
Step 2. 1.

Step 4a. For each failure mode, estimate the likelihood of 
occurrence: 

• How likely is it that this failure mode will occur?
Sometimes you will have data, but usually it is an estimate by 
your assembled experts (consensus is key!) 
Assign a score between 1 and 10, with 1 meaning “very unlikely 
to occur” and 10 meaning “very likely to occur.”



Step 4. Conduct the analysis

Process Failure Cause Effect Likelihood of 
occurrence
(1-10) 

Likelihood 
of detection
(1-10) 

Severity 
(1-10)

Risk Profile 
Number 
(RPN)

Actions to 
reduce 
occurrence

Step 1. 1.
Step 1. 2.
Step 2. 1.

Step 4b. For each failure mode, estimate the likelihood of detection: 
• If this failure mode occurs, how likely is it that this failure will 

be detected?
• Assign a score between 1 and 10, with 1 meaning “very likely 

to be detected” and 10 meaning “very unlikely to be detected.”



Step 4. Conduct the analysis

Process Failure Cause Effect Likelihood of 
occurrence
(1-10) 

Likelihood 
of detection
(1-10) 

Severity 
(1-10)

Risk Profile 
Number 
(RPN)

Actions to 
reduce 
occurrence

Step 1. 1.
Step 1. 2.
Step 2. 1.

Step 4c. For each failure mode, estimate the severity: 
• If this failure mode occurs, how likely is it that harm will occur?
• Assign a score between 1 and 10, with 1 meaning “very 

unlikely harm will occur” and 10 meaning “very likely that 
sever harm will occur.”

e.g. for patient care, a score of 10 might mean the patient died



Step 4. Conduct the analysis

Process Failure Cause Effect Likelihood of 
occurrence
(1-10) 

Likelihood 
of detection
(1-10) 

Severity 
(1-10)

Risk Profile 
Number 
(RPN)

Actions to 
reduce 
occurrence

Step 1. 1. 8 5 8 320
Step 1. 2. 8 10 8 640
Step 2. 1.

Step 4d. Multiply the three scores to determine the Risk Priority Number 
(RPN):

• RPN = O * D * S;   Range: 0-1000
Identify the top 10 RPNs:

• These should be considered first for improvement opportunities
To compare processes, a total RPN for each process can be obtained by 
adding all the RPNs for each failure mode together
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Step 5. Identify actions and outcome measures

Process Failure Cause Effect Likelihood of 
occurrence
(1-10) 

Likelihood 
of detection
(1-10) 

Severity 
(1-10)

Risk Profile 
Number 
(RPN)

Actions to 
reduce 
occurrence

Step 1. 1.
Step 1. 2.
Step 2. 1.

Step 5a: Identify the type of action to take:
• Eliminate - prevent all future occurrences by removing the failure point.
• Control - minimize all future occurrences by implementing mitigating factors.
• Accept - acknowledge and accept known risks.
• If a failure is unlikely to be detected, consider putting Monitoring measures in place
Step 5b: Measure whether the action implemented was effective and if any
unintended consequences occurred.



Failure Mode and Effects Analysis (FMEA)

So, how does this 
work in practice?



Time taken

Habraken MM, Van der Schaaf TW, Leistikow IP, Reijnders-Thijssen PM. Prospective risk analysis of health 
care processes: a systematic evaluation of the use of HFMEA in Dutch health care. Ergonomics. 
2009;52(7):809-19
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Examples
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Case 1. Radiation treatment 



a) treatment planning following target 
delineation;
b) treatment delivery to liver tumours by using 
fiducial markers coupled with SRTS; and
c) treatment delivery to spine lesions (the 
analysis of this stage was carried out 
considering the process implemented at the 
Carlo Besta Neurological Institute Foundation).

Main processes
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a) treatment planning following target 
delineation;
b) treatment delivery to liver tumours by using 
fiducial markers coupled with SRTS; and
c) treatment delivery to spine lesions (the 
analysis of this stage was carried out 
considering the process implemented at the 
Carlo Besta Neurological Institute Foundation).

Main processes
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Case 2. Medication management
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Results

• 37 high-risk failures with 71 associated causes and effects. 
• None of the steps in the drug administration process were 

free of potential failure modes
• Prescription and preparation of the drugs emerged as the 

most vulnerable steps (with RPNs over 48/125). 
• The most critical element in the prescribing of drugs was 

the calculation of the doses required, especially for infusion 
drugs (RPN 60/125). This high-risk failure mode was found 
in all the paediatric units, and was believed to be related to 
doctors and nurses not having reference material available 
with all the pertinent information on the methods for 
preparing and administering the drugs, and the proportions 
and formulas for adapting the drugs’ dosage to a given 
patient. 
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Differing contexts:
• NICU 
• PICU 
• Acute Care 
• Onco-haematology
• General 

paediatrics
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Actions to reduce 
occurrence



Corrective Actions
• Each unit independently developed plans for new 

corrective actions focussing only on the higher risk 
failure modes. Some were common to all five units.

• After corrective action implementation, no steps in 
the revised drug administration process had an 
RPN>32/125. 

• The reduction in the RPNs for the higher risks was 
around 60% at almost all units, and 23 of 37 higher 
risk failure modes now plotted in the low-risk area 
(yellow and green area of the priority matrix). 

• Clinical audits conducted by the team leader 3 and 6 
months later confirmed that the main clinical changes 
and innovations introduced were still firmly in place.
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• May differ significantly from the actual 
evidence-based risk
― Patient experience
― Patient fears
― Patient preferences

• Where patients are involved, consider the 
patient’s perception of risk, in addition to any 
evidence-based risk, when deciding on risk 
management strategies 

Patient view of risk:



Underestimate low outrage hazards, Overestimate high outrage hazards

Patient view of risk; Hazard vs. Outrage1

Susanna Hertrich, RISK, 2010

• Voluntary/involuntary
• Familiar/exotic
• Natural/industrial
• Memorable/not memorable
• Dreaded/not dreaded
• Chronic/catastrophic
• Knowable/not knowable
• Fair/unfair
• Morally irrelevant/relevant
• Trust/no trust
• Responsive 

process/unresponsive

1. Peter Sandman, 1993 & 2012

Terrorist 
Attack

Plane 
crash

Traffic 
accident

Cancer

Environmenta
l pollution

Asteroid 
impact

Mobile 
phone EMR



Failure Mode and Effects Analysis (FMEA)
In summary, FMEA is:

• A useful tool for analysing:
• high impact failures
• critical changes to workplace practice
• large scale workplace redesign

• Can be costly:
• takes time, resources
• need a (large) multidisciplinary team who have expert 

knowledge of the process you are analysing
• need a safety & quality professional to lead and direct

• Most of the risks you will encounter in healthcare 
involve behaviours:

• ratings may not be obvious (but relative ratings are 
OK)

• ratings require consensus among the team
• the consensus process will build teamwork



Contact details
A/Prof Robyn Clay-Williams 
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AUSTRALIAN INSTITUTE
OF HEALTH INNOVATION 
Faculty of Medicine, Health
and Human SciencesThank you
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