Failure Mode and Effects Analysis (FMEA)

A complete patient safety program demands a system for evaluating adverse events and seeking out care processes and systems that, through design, may lead to errors, patient harm and sub-optimal treatment outcomes.  Root Cause Analysis and Failure Mode Effects Analysis provide a sturdy underpinning for a system of proactive quality improvement.  RCA and FMEA help healthcare professionals make more efficient, cost-effective improvement decisions by maximizing data through enhanced data collection and process analysis.  Both analytic systems focus on organizations and processes rather than individuals and involve an intensive analysis of all causes and potential causes underlying adverse events or areas of risk.  Cause analysis creates the basis of performance improvement plans.

Failure Mode and Effects Analysis (FMEA)

JCAHO requires that organizations demonstrate a proactive assessment of risks to patient safety and a reduction of medical and health care errors.

What is FMEA?

FMEA is a systematic method that identifies and prevents product and process problems before they occur.  FMEA is a quality improvement tool that does not require complicated statistics for success.  FMEAs do take time and people resources because by nature they are team based.

Where did FMEA come from?

The first FMEAs were done in the aerospace industry in the mid-1960’s and only recently gained popularity in health care.  Engineering has developed computerized tools that assist in assessing risk in various systems.  The results in industry are reductions and elimination of the need for after-the-fact corrective action.  FMEA also reduces costs.

12 Key Elements of FMEA

	Leadership


	Leadership is necessary for support and resource allocation

	Strategic quality planning
	Uses the results of FMEAs to assist in directing future improvement activities

	Process and business measures
	Measures and monitors the results of FMEAs for quality and bottom line results

	Effective use of data and information
	Measures the results of FMEA

	Process control
	Assures a stable process/product at the start of a FMEA and monitors improvements

	Human resources
	Supports the FMEA team with appropriate training in QI tools and techniques

	Training
	Provides the basic skills necessary to work on a FMEA team

	Documented QI plan
	Defines when and where FMEAs should be used and documents the process

	Documented procedures
	Assures that consistent operating methods are used reducing variation

	Design control
	Assures consistency in the design process

	Customer focus
	Provides information about what’s important to the patient

	Customer feedback system
	Additional data to consider during the FMEA process


The FMEA Team

All areas affected by the process being examined should be represented on the FMEA team.  Generally, 4 – 6 representatives is best, however, the number of areas affected by the process should dictate the size of the team.  Management should appoint a team leader.  Team leaders are responsible for setting up and facilitating meetings, assuring the team has adequate resources to accomplish the goal and to make certain the team progresses.  Team leaders are facilitators, not final decision makers.  A secretary should be appointed to take minutes and maintain FMEA records.

Boundaries and Scope of the FMEA

The FMEA team needs clearly defined scope and boundaries within which to work.  The following items should be considered and outlined for the team:

· Budget/other resources

· Deadline

· Team function: recommendations vs. implementation

· Who communications FMEA results to the rest of the organization?

The FMEA Worksheet

The FMEA Process should be documented using a FMEA worksheet.  The worksheet captures all the important information about the process and can serve as a communication tool.  Each FMEA process should be assigned a number. 

The FMEA Process

The objective of FMEA is to look for all the ways a process or product can fail.  Ways in which a process can fail are called failure modes.  Each failure mode has a potential effect and each potential effect has a relative risk associated with it.  The relative risk of failure and its effects is determined by three factors: 

· Severity – The consequence of the failure.

· Frequency - The probability of the failure occurring.

· Detection – The probability of the failure being detected before the impact of the effect is realized.

Each factor is given a score of 1 – 10 (1 = low, 10 = high).  A risk priority number (RPN) is determined by multiplying the rating for the three factors (severity x frequency x detection).  The risk priority number is used to rank the need for corrective actions to eliminate or reduce potential failure modes.  Failure modes with the highest RPNs should be attended to first.  Once corrective actions have been taken, a new PRN is determined by reevaluating the severity, frequency and detection ratings.  The new RPN is called the resulting RPN.  Improvement and corrective actions must continue until the resulting PRN is at an acceptable level for all potential failure modes.

Step 1 – Flowchart the Process.

Flowcharting the process ensures that all members of the team have the same understanding of the process to be examined.  It may be helpful for team members to watch the process in action.

Step 2 – Brainstorm Potential Failure Modes

 Team members should brainstorm possible cases of failure and focus on the following elements: people, methods, equipment, materials and environment.  All potential failure modes should be recorded on the FMEA worksheet.

Step 3 – Brainstorm Potential Effects of Each Failure Mode

The team should review each failure modes and identify potential effects of the failure, should it occur.  There may be several effects for each failure mode.

Step 4 – Assign a Severity Rating for Each Effect

Using the 1 – 10 scale (1= low, 10=high), assign an estimation of the severity of effects if a failure did occur.  A severity rating should be given for each effect.

Step 5 - Assign a Frequency Rating

The best way to determine the frequency rating is to use actual data, if available.  Use incident reports or logs, etc.  In the absence of data, the team must estimate the likelihood of failure.  Use the 1 – 10 scale (1= low, 10=high).

Step 6 – Assign Severity, Occurrence and Detection Ratings

The detection rating looks at the likelihood of detection of a failure or its effects.  Start by looking at current controls that may detect a failure the effect of a failure.  If there are no current controls in place, then the detection rate will be low and the item will receive a high rating.

A Note about Ratings

Team members should have the same understanding of the rating scale.  Establish clear and concise descriptions for the points on the rating scale.  Sample descriptions for the rating severity, frequency and detection are include in table titled “The 10 Steps for a FMEA.”

Step 7 – Calculate the Risk Priority Number (RPN) for Each Failure Mode

Multiply the severity rating times the occurrence rating times the detection rating for all items.  The total risk priority number should be calculated by adding all of the RPNs.

Step 8 – Prioritize the Failure Modes for Action

Rank failure modes in order from the highest RPN number to the smallest.  The team must now decide which items to work on.

Step 9 – Take Action to Eliminate or Reduce High-Risk Failure Modes

Identify and implement actions to eliminate or reduce the high-risk failure modes.  Use an organized problem solving process such as Rapid Cycle Quality Improvement and the Plan, Do, Study, Act process.

Step 10 – Calculate the Resulting RPN as the Failure Modes are Reduced.

Once Action has been taken to improve a process, new severity, frequency and detection rating should be determined and the resulting PRN calculated.  A significant reduction in the RPN should be noted.  If not, the actions taken to improve the process were not sufficient to reduce the severity, frequency and detection rating and additional actions should be taken.

The 10 Steps for a FMEA

	Flowchart the process
	Enables members of the team to have the same understanding of the process

	Brainstorm the potential failure modes
	Identify all the possible effects on patients for each failure mode.  Brainstorming should focus on people, methods, equipment, materials, and environment

	List potential effects of each failure mode
	Determine the “effect” of each possible “failure”

	Assign a severity rating for each effect
	Outcome possibilities:

Slight Annoyance (1)

     –May affect the system

Moderate System Problem (2,3)

     -May affect the patient

Major System Problem (4,5)

     -Minor Injury (6)

     -Major Injury (7)

     -Terminal Injury or Death (8,9,10)

	Assign a frequency (occurrence) rating
	Likelihood

Remote (1)

     -No known occurrence

Low (2,3,4)

     -Possible, but no known data

Moderate (5,6)

     -Documented but infrequent

High (7,8)

      -Documented and frequent

Very High (9,10)

     -Documented, almost certain

	Assign a probability of detection rating
	Likelihood

Very High (1)


-Error always detected

High (2,3)


-Error likely to be detected

Moderate (4,5,6)


-Moderate likelihood of detection

Low (7,8)


-Low likelihood of detection

	Calculate the RPN for each effect
	Frequency x Severity x Detection = Criticality Index

	Prioritize the failure modes for action
	Failure modes with high criticality scores receive attention first


	Take action to eliminate or reduce the high-risk failure modes
	Use an organized problem solving process to identify and implement actions.  Redesign the process or underlying systems.  Pilot test and implement the redesigned process.

	Calculate the resulting PRN as the failure modes are reduced or eliminated
	There should be significant reduction in the PRN with each recalculation
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Excerpt and adaptations from "The Basics of FMEA" (Copyright Resource Engineering, Inc.) with permission of the authors.

Failure Mode and Effect Analysis (FMEA) Worksheet

1. Flow chart the selected process as it is designed (the intended process)

2. Flow chart the selected process as it is routinely conducted (the actual process)

3. List each step and each link between steps of the intended process in Column 5 below

4. Include discrepancies between the flow charts (step 1 & 2) in Column 6 below

	5.
	6.
	7.
	8.
	9.
	10.
	11.
	12.

	Step or Link in process
	List all potential Failure Modes
	Potential effect
	Frequency
	Severity
	Detection
	Criticality Index

8x9x10
	RPN

(Order 12)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


MO-03-13-UTMO
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