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Similarities of FMEA and RCA

• Aim to reduce harm to patients
• Use non-statistical tools
• Review process to ID conditions that 

lead to harm
• Require team activities : people, time, 

material & other support



Difference between FMEA and  RCA

CharacteristicsCharacteristics FMEAFMEA RCARCA
AnalysisAnalysis Proactive Proactive ReactiveReactive

QuestionsQuestions HypotheticalHypothetical ActualActual

ApproachApproach ProspectiveProspective retrospectiveretrospective



Failure :when a system or part of a system 
performs in a way that is not intended 
or desirable

Mode :the way or manner in which something 
can fail

Effects :the result or consequences of a failure 
mode

Analysis :detailed examination  of the elements 

or structure of a process

What is FMEA?

Involve 4-10 steps



“’Pubmed” review
A total of 61 abstracts with the key word “FMEA”
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Google search on FMEAGoogle search on FMEA

Yielded 150,000 hitsYielded 150,000 hits

Combined with Combined with ““engineeringengineering”” yielded yielded 

40,00040,000

Combined with Combined with ““medicinemedicine”” yielded 3,000 yielded 3,000 

onlyonly

Senders Qual Saf Health Care 2004



Institute for Safe Medication Practices (ISMP) 
became interested in FMEA around 1990

Senders Qual Saf Health Care 2004

Since 1974



Timing of FMEA (in Aviation, engineer industry)

The FMEA should be updated whenever:

• At the beginning of a cycle (new product / process) 

• Changes are made to the operating conditions 

• A change is made in the design 

• New regulations are instituted 

• Customer feedback indicates a problem 



Failure Modes & Effects Analysis in Failure Modes & Effects Analysis in 
Healthcare Healthcare 

In July 2001, the United States Joint Commission In July 2001, the United States Joint Commission 
on Accreditation of Health Care Organizations on Accreditation of Health Care Organizations 
adopted a new leadership standard that requires adopted a new leadership standard that requires 
department heads to perform at least one FMEA department heads to perform at least one FMEA 
per year.per year.

Joint CommissionJoint Commission

JCAHO Standard LD.5.2



Failure Modes & Effects AnalysisFailure Modes & Effects Analysis

““FMEA is a teamFMEA is a team--based, systematic, proactive based, systematic, proactive 
technique that is used to prevent process and technique that is used to prevent process and 
product problems before they occur.product problems before they occur.””

Joint CommissionJoint Commission

Can assess severity but not possibility of occurrence



The 8 steps FMEA

1.Select a high-risk process* and assemble a team
2.Diagram the process - “is map”
3.Brainstorm failure modes (as many as 40 FM)
4.Prioritize failure modes (using RPN)
5. Identify root causes of failure modes
6.Redesign process – “should map”
7.Analyze and test new process
8. Implement and monitor

* Mainly from performance data, staff and customer feedback









RatingRating SeveritySeverity OccurrenceOccurrence DetectabilityDetectability

11 Minor Minor –– No No 
effecteffect

Remote           Remote           
1 in 10,000   1 in 10,000   

Certain       Certain       
10 out of 1010 out of 10

22 Minor injuryMinor injury Low                 Low                 
1 in 50001 in 5000

High            High            
7 out of 107 out of 10

33 Moderate injuryModerate injury Moderate         Moderate         
1 in 2001 in 200

Moderate     Moderate     
5 out of 10      5 out of 10      

44 Major injuryMajor injury High High 
1 in 1001 in 100

Low            Low             
2 out of 102 out of 10

55 Catastrophic or Catastrophic or 
deathdeath

Certain to Certain to 
occuroccur
1 in 201 in 20

Certain not to Certain not to 
detect detect 

0 out of 100 out of 10

Risk priority number



Risk Priority Number - RPN

Severity X Occurrence X Detectability





Choose drug
to administer

Choose dose 
to administer

Choose infusion rate:
convenience, 

fluid restriction

Choose formula
from standard solution

Calculate and order Computerized 
decision support

Prepared by 
bedside

Select pre-pack 
by pharmacyProgram

IV pump

Original
process

Revised 
process

Flowchart of drug infusion process steps

Deliver
infusion Apkon et al Qual Saf Health Care 2004

“Is map” “should map”



Failure Modes & Effects AnalysisFailure Modes & Effects Analysis

Original processesOriginal processes
S    O    D    RPNS    O    D    RPN

7.3 2.8 2,57.3 2.8 2,5 5151

8.8 2.8 2.3       578.8 2.8 2.3       57

6.8 5    4        1366.8 5    4        136

8.8 7    3.8     2348.8 7    3.8     234

8.8 4.3 8.3     3148.8 4.3 8.3     314

8.8 4.5 6.8     2698.8 4.5 6.8     269

Revised processesRevised processes

S    O    D    RPNS    O    D    RPN

7.3 2.5 2,57.3 2.5 2,5 4646

7.3 2.8 2.3       427.3 2.8 2.3       42

8.8 1.5 2          268.8 1.5 2          26

8.8 2    2.8       498.8 2    2.8       49

8.8 2    5          888.8 2    5          88

8.8 2.8 4          998.8 2.8 4          99

1. Select drug

2. Select dose

3. Select route

4. Calculate

5. Prepare

6. Program 
pump

1. Select drug

2. Select dose

3. Select route

4. Calculate

5. Prepare

6. Program 
pump

Apkon et al Qual Saf Health Care 2004



Limitations of FMEA

1.No confidence on possibility of occurrence.

2.No data on interaction of failures.

3.Theoretical analysis and difficult to be 

integrated into overall organization processes.

4.“Find and fix” mind set.



“Even when FMEA or RCA are performed flawlessly, 
these qualitative tools are not designed to identify 
risk point combinations in complex systems”.

“If members inappropriately assess the risk 
associated with a particular process, the institution 
may expend considerable resources correcting a 
problem that in fact may have little to do with the risk 
of a recurrent event”

Limitations of FMEA

Marx et al Qual Saf Health Care 2003

Combination of events that leads to error – cheese hole theory



Recommended improvement of FMEA

1.Additional use of fault tree and quality system 
essentials (QSE) to ID failure mode effects & causes

Lab error

personnel Material or
equipmentprocedure

OR

Poor work practices
Inattention
Lack of supervision
Fatigue

No written procedures

Verbal instruction unclear
Work procedure inadequate

No calibration
Inadequate Maintenance 
Out date model

QSE

Example : fault tree of lab error

Krouwer Archives of Pathology & Laboratory Medicine 2004



• Avoid over emphasis on improving RPN while 
neglecting mitigations for failure mode that have 
never occurred

Recommended improvement of FMEA

1. A failure event leads to patient death with rare 
occurrence RPN 10X2X10=200

2. A failure event leads to an added high cost with 
frequent occurrence RPN  10X10X2=200

1 should be the first priority
Krouwer Archives of Pathology & Laboratory Medicine 2004



Adverse outcome - Death



Mindful to avoid creating cheese 
holes from  cheese holes



Limitations of FMEA

1.No confidence on possibility of occurrence.
2.No data on interaction of failures.
3.Theoretical analysis and difficult to be 

integrated into overall organization 
processes.

4.“Find and fix” mind set.



An innovative approach

Between RCA and FMEA

System Evaluation of Reported Adverse Events System Evaluation of Reported Adverse Events 

(SERAE)(SERAE)



SERAE is a teamSERAE is a team--based, systematic, proactive based, systematic, proactive 
technique that is used to prevent process and technique that is used to prevent process and 
system problems before they occur  system problems before they occur  

-- by timely analysis of adverse events occurred and by timely analysis of adverse events occurred and 
reported in other hospitals.reported in other hospitals.

System Evaluation of Reported Adverse Events System Evaluation of Reported Adverse Events 

(SERAE)(SERAE)



Limitations of FMEA

1. No confidence on 
probability of occurrence.

2. No data on interaction of 
failures.

3. Theoretical analysis and 
difficult to be integrated 
into overall organization 
processes.

4. “Find and fix” mind set.

Advantage of SERAE

•Actual occurrence has 
transpired.

• Actual data on interaction 
of failures can be obtained

•Actual reference point and 
not just purely theoretical 
exercise

• As in RCA, a “learn and 
prevent” mindset can 
prevail

The boss (CCE) likes to know anyway…..



Adverse event reported in other 
hospital/institution

Similar system in our 
hospitalConduct SERAE

Contact Department Manager/Departmental 
Operations Manager/Unit-in-charge

Review existing system of handling  
similar situation with front line staff

Review/Feedback with action plan

Document and report to 
Cluster Director (Quality &Risk Management)

Report to Cluster Chief Executive

NO

YES

Flowchart of Flowchart of 
the SERAEthe SERAE

Whether System is in hospital

No action

Conduct SERAE

Suggest system improvement to
prevent future occurrence

YES

NO



System Evaluation of Reported Adverse EventsSystem Evaluation of Reported Adverse Events

(SERAE)(SERAE)

Would similar AE be happening in our hospital?

Why did it happen?

Why did that happen?

Why did that happen?

proximate 
causes

processes

systems

Underlying
causes



• Would similar AE be happening in our hospital?
• Is there any SOP in your department? written document
• How are the processes done? Direct review on-site
• Are there non-compliance and failure modes?

evidence of similar AE
other failure modes

• What are the severity ratings of possible AE?
• Which are the failure modes to address?
• What are the corrective actions?
• What improvement is planned for corrective actions?

Review past record

8 key questions to ask in SERAE



Stratification of RAE for different Stratification of RAE for different 
approaches approaches 

•Inappropriate / inadequate resources

•Suboptimal system problem

SSPI single party

SSPII multiple parties



Stratification of RAEStratification of RAE

•Inappropriate / inadequate resources

Usually need simple corrective action

Example

Retention of laryngoscope light bulb in 
patient’s airway :
Cause – detachable light bulb
Remedy – change to fiber-optic laryngoscope



Stratification of RAEStratification of RAE
•Suboptimal system problem

SSPI - single party
Example : Sharing of mortuary compartment leading 

to mixing up of dead body – involve mortuary 
SSPII multiple parties

Example : Mixing up of intrathecal & intravenous 

administration of cytotoxic drugs – multidisciplinary 
team meeting including adult and paediatric oncology 
and haematology, pharmacy, physicians and nursing 
staff



Piloted SERAE in QMHPiloted SERAE in QMH

18 incidents were reviewed since April 200718 incidents were reviewed since April 2007



Look Alike Drugs Look Alike Drugs --
DormicumDormicum Vs Magnesium Vs Magnesium SulphateSulphate (MgSO(MgSO4 4 ))

Pitfalls:Pitfalls:
Look alike drugsLook alike drugs

Focus on clinical areas:Focus on clinical areas:
A&EA&E
AICUAICU
CCUCCU
CODCOD
DRDR
OTSOTS
PAMPAM

Review on Review on DormicumDormicum Vs MgSOVs MgSO4 4 ::
Drug supply: Drug supply: 

•• HA 277 for DDA Vs Ward Stock or via MARHA 277 for DDA Vs Ward Stock or via MAR
Drug storage:Drug storage:

•• Organized manner: DD cupboard Vs Organized manner: DD cupboard Vs 
Medication TrolleyMedication Trolley

Drug administration:Drug administration:
•• Handling of DD Vs 3C5R principles of AOMHandling of DD Vs 3C5R principles of AOM

Remove all ward stock of MgSORemove all ward stock of MgSO44
Reinforce constant vigilanceReinforce constant vigilance

Prescribing Dispensing Administration

adults



Mortuary*Mortuary*
Current status of the mortuary service was checked on 11 April 2Current status of the mortuary service was checked on 11 April 2007007

HospitalHospital
No. of cold No. of cold 
chambers chambers 
availableavailable

No. of cold chamber No. of cold chamber 
inin--use use OccOcc. Rate (%). Rate (%)

DKCHDKCH -- -- --

FYKHFYKH 2424 1616 66.6766.67

GHGH 4343 3535 81.4081.40

QMHQMH 8787 7676 87.3687.36

MMRCMMRC -- -- --

TWHTWH 2424 2222 91.6791.67

TotalTotal 178178 149149 83.7183.71

Guidelines on Guidelines on ‘‘Release of BodiesRelease of Bodies’’ in placein place
Undertakers are not allowed to directly take body from body boxUndertakers are not allowed to directly take body from body box
Body is checked by mortuary staff and put in a viewing roomBody is checked by mortuary staff and put in a viewing room
Then mortuary staff, relatives/reps after viewing with call out Then mortuary staff, relatives/reps after viewing with call out procedure. procedure. 
Only completed undertakers come for removal .Only completed undertakers come for removal .
Checks includeChecks include identification bracelet, sheet ID card and identification bracelet, sheet ID card and ““Memo for Memo for 
Identification and Collection of BodyIdentification and Collection of Body”” before moving the deceased. before moving the deceased. 

*Will ↑10-15 boxes



Mortuary Utilization Report on : 13/02/2008 12:37:32Mortuary Utilization Report on : 13/02/2008 12:37:32

ClusterCluster CapacityCapacity OccupiedOccupied UtilizationUtilization
HKEHKE 196196 204204 104%104%

HKWHKW 194194 152152 78%78%

KCKC 305305 316316 104%104%

KEKE 244244 202202 83%83%

KWKW 432432 500500 116%116%

NTENTE 239239 287287 120%120%

NTWNTW 201201 257257 128%128%

TotalTotal 18111811 19181918 106%106%



Mortuary Utilization Report on : 10/03/2008 11:15:58`Mortuary Utilization Report on : 10/03/2008 11:15:58`

ClusterCluster CapacityCapacity OccupiedOccupied UtilizationUtilization

HKEHKE 239239 251251 105%105%

HKWHKW 194194 197197 102%102%

KCKC 305305 368368 121%121%

KEKE 244244 270270 111%111%

KWKW 432432 565565 131%131%

NTENTE 239239 335335 140%140%

NTWNTW 201201 301301 150%150%

TotalTotal 18541854 22872287 123%123%



Piloted SERAE in QMHPiloted SERAE in QMH

18 incidents were reviewed since April 200718 incidents were reviewed since April 2007
An average of 4 An average of 4 –– 6 hours was spent on review6 hours was spent on review
27 possible failure modes were identified27 possible failure modes were identified
37 corrective actions identified37 corrective actions identified
31 (84 %) of measures  were corrected with 31 (84 %) of measures  were corrected with 
immediate effectsimmediate effects
The remaining six completed within a year The remaining six completed within a year 
(eg. lock for (eg. lock for ““hothot”” laboratory; compartments to  mortuary). laboratory; compartments to  mortuary). 
Severity rating reduced from 15Severity rating reduced from 15--40 to 540 to 5--99



Severity rating of failure mode



Risk Management

Risk Management

Low Medium HighRISK

Almost certain - 5

Likely - 4

Possible - 3

Unlikely - 2

Remote - 1

Likelihood Minor
2

Moderate
3

Major
4

Extreme
5

Consequence

Insignificant
1

RISK QUANTIFICATION MATRIX



Risk Management

Risk Management

Top 5 RAESE with Corrective Measures Taken (I)
Incident
SSPI

Possible Failure 
Mode Identified

Severity 
Rating

Defects 
Identified in 
QMH

Corrective
Measures

Severity
Rating after
Corrective
Measures

Sharing of 
mortuary 
compartment 
leading to 
mixing up of 
dead body 

Two bodies were 
stored in one 
compartment 
Misidentification 

of the dead 
bodies by the 
mortuary staff 

15

10

Two bodies 
were stored in 
one 
compartment 
during the peak 
season, i.e., 
Chinese New 
Year

Store 2 bodies of the    
same sex 
temporarily in one 
compartment if 
required
Strengthen the body 
identity checking by 
mortuary staff and 
the 2D-Barcode 
Scanning System
Reinforce the 
Guidelines on 
‘Release of Bodies’
Monitor the 
utilization rate of 
mortuary in QMH as 
well as cluster 
hospital 

5



Risk Management

Risk Management

Incident
SSPII

Possible Failure 
Mode Identified

Severity 
Rating

Defects 
Identified in 
QMH

Corrective
Measures

Severity
Rating after
Corrective
Measures 
Done 

Mixing up of 
intrathecal  & 
intravenous 
administration 
of cytotoxic 
drugs 

Labeling of the 
drugs was not 
distinct
IV and IT were 
administered at 
the same time for 
the same patient
Doctor and nurse 
did not perform 
checking

15

10

15 

Inexperienced 
House Officer 
(HO) 
reconstituted IV 
chemotherapy 
over week-ends 
and public 
holidays without 
supervision
Some 
chemotherapy 
drugs were kept 
as ward stock 
items
Chemo drugs 
were prescribed 
in Medication 
Administration 
Record (MAR) 
form

Perform chemotherapy 
reconstitution by Medical 
Officer (MO) who has 
appropriate experience. 
Supervise HO by MO if 
required
Provide daily IV 
chemotherapy 
reconstitution service by 
Pharmacy
Use standardized 
chemotherapy protocol, 
handwritten MAR forms 
are not accepted
Remove all ward stocks 
of chemotherapy 
Dilute high risk IV 
chemotherapy drugs to a 
volume or store in an IV 
infusion minibag that 
cannot be normally given 
intrathecally 

9

Top 5 RAESE with Corrective Measures Taken (II)



Risk Management

Risk Management

Top 5 RAESE with Corrective Measures Taken 
(III)

Incident
SSPII

Possible Failure 
Mode Identified

Severit
y 
Rating

Defects 
Identified in 
QMH

Corrective
Measures

Severity
Rating after
Corrective
Measures 
Done 

Mix up of 
biopsy 
specimen 

Checking was 
not performed
Pre-fix of 
specimen 
bottles

15

10

Patients were 
disorientated
Many 
procedures 
were 
scheduled at a 
session 

Provide wristbands for 
those out-patients who are 
mentally incapacitated
Reinforce ‘time-out’ for all 
operations and procedures, 
as well as those minor 
ones

5



Risk Management

Risk Management

Top 5 RAESE with Corrective Measures Taken 
(IV)

Incident
SSPI

Possible Failure 
Mode Identified

Severity 
Rating

Defects Identified 
in QMH

Corrective
Measures

Severity
Rating 
after
Corrective
Measures 
Done 

Inappropriate 
use of 
OPA/cidex 

Same colored 
trays were used 
for containing 
different 
detergents
No labeling of the 
trays

15

15

Same coloured 
trays were used 
for containing 
“OPA” and “Sterile 
Water”
Varied practices 
were found in 
different 
departments 

Distinguish and label 
the containers for 
“OPA” and “Sterile 
Water”
Perform minimal 
effective 
concentration (MEC) 
test by Cidex solution 
test strip when 
solution is prepared 
for starting a session
Renew rinsing agent, 
i.e., sterile water for 
every case

9



Risk Management

Risk Management

Top 5 RAESE with Corrective Measures Taken (V)
Incident
SSPII

Possible Failure 
Mode Identified

Severity 
Rating

Defects Identified in 
QMH

Corrective
Measures

Severity
Rating after
Corrective
Measures Done

Adverse 
transfusion 
reaction 

Difference in 
temperatures 
leading to 
growing of 
bacteria 

15 Blood and blood 
components were 
put in the same 
containers after 
collecting from the 
Blood Bank 

Different containers for 
different types of blood 
components as each 
requires different 
temperatures
Discontinue the practice 
of putting a towel 
between components 
with different storage 
conditions
Clean and disinfect the 
inside surfaces of the 
insulated container with 
alcohol pads every time 
before collecting 
blood/blood 
components from the 
Blood Bank 

5



Advantage of SERAE: 

•Proactive 

•Timely 

•Less labor intensive

•Meet standard

•Less threatening to staff



Meeting  a  Challenge

Perhaps the best thing to do 

is to smile



Just don't smile at the wrong time……..

Thank You
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