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INTRODUCTION	TO	TG100/FMEA

• TG100	is	a	new	approach	to	quality	assurance/quality	management

• Quality	management	should	 include	both	 a	Reactive	and	Prospective	approach.

• Reactiveà Example:	Prescriptive	Quality	Assurance	Protocols	(Task	Group	Reports)

• Task	Group	Reports	are	often	published	years	after	technologies	have	been	implemented	in	the	
clinic

• We	devote	a	substantial	amount	of	time	to	traditional	physics	QA	based	on	these	protocols.	Errors	
often	occur	through	miscommunication	and/or	misunderstanding	of	the	use	of	devices

• TG100/FMEA	is	Prospective in	nature

• Relies	on	predictions	of	experienced	experts	of	events	that	could	occur
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INTRODUCTION	TO	TG100/FMEA

• TG100	Risk	Analysis	Methodology
• Process	Map	– Illustration	of	different	steps	of	a	process	that	demonstrates	the	flow	and	

interrelationship	of	these	steps	from	start	to	end
• FMEA

• Identification	of	potential	failure	modes	(and	causes	for	those	failure	modes)	for	each	process	step

• Determination	of	the	impact	of	each	failure	mode	on	the	outcome	of	the	process

• Score	Occurrence,	Severity,	and	Detectability	to	determine	RPN	=	O*S*D

• Assume	that	there	was	no	QA/QC	step	in	place

• Fault	Tree	– developed	from	the	FMEA	to	visually	display	failures	and	their	causes	and	to	prompt	
work	on	determining	QA	steps	to	detect	failures.	A	group	may	choose	to	focus	on	failure	modes	
with	high	RPN	or	Severity	Scores.
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INTRODUCTION	TO	TG100/FMEA

• Limitations	of	TG100	risk	based	analysis

• Lack	of	measured	data	on	occurrence	and	detection	probabilities

• Forced	to	rely	on	expert	consensus	for	scoring
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FMEAOF	EXTERNAL	BEAM	PROCESS

• FMEA	exercise	conducted	over	a	one-month	 period

• Sibley	Memorial	Hospital	in	DC	treats	approximately	60	patients	per	day

• Followed	a	structured	plan

• Identified	a	“Facilitator”	and	Core	Group	of	individuals	to	guide	the	process
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FMEAOF	EXTERNAL	BEAM	PROCESS
• Structured	Plan	

• Prior	to	1stMeeting,	educational	materials	were	distributed	describing	the	basic	aspects	of	FMEA.	
The	scope	of	the	FMEA	exercise	was	determined.	Determined	how	each	meeting	would	be	
structured	and	what,	if	any,	work	could	be	done	as	“take	home	assignments”.

• 1st Meeting	– Generate	process	map.	Review	three	example	failure	modes

• 2ndMeeting	– List	failure	modes	using	the	process	map	as	a	guide	of	the	patient	experience

• 3rd Meeting	– Score	all	failure	modes	for	risk	priority	number.	Rank	failure	modes

• 4th Meeting	– Identify	safety	improvement	interventions	for	top-ranked	failures	modes

2016	Spring	Clinical	Meeting	- Salt	Lake	City,	Utah 8
Ford	EC	et	al.	A	streamlined	failure	mode	and	effects	analysis.	Med	Phys.	2014;	41(6)	



FMEAOF	EXTERNAL	BEAM	PROCESS

• 1st Meeting	(Core	Group)	–
Process	Map

• Used	a	list	of	typical	workflow	
steps	as	a	guide.	Started	with	
sticky	notes	 of	different	colors	for	
each	major	step.
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FMEAOF	EXTERNAL	BEAM	PROCESS

• 1st Meeting	(Core	Group)	–
Process	Map

• Facilitator	later	translated	sticky	
notes	 into	a	formal	process	map.	
Kept	the	illustration	of	the	process	
map	simple	in	order	to	save	time.
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FMEAOF	EXTERNAL	BEAM	PROCESS

• 2nd Meeting	(All	clinical	staff)	– Failure	Modes

• Brainstormed	about	potential	 failure	modes.

• Used	the	process	map	as	a	guide	to	get	people	thinking	about	potential	 failure	modes	at	each	
step.	52	failure	modes	for	62	steps	 in	the	process	were	identified.

• Take	home	assignment	– each	clinical	staff	member	come	up	with	other	potential	 failure	
modes.	This	was	helpful	as	not	all	staff	members	feel	comfortable	speaking	up	in	a	group	
setting.	52	failure	modes	were	collected:	22	at	meeting	and	30	from	take	home	assignment.
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FMEAOF	EXTERNAL	BEAM	PROCESS

• 3rd Meeting	(Core	Group)	– Scoring	Failure	Modes

• Facilitator	created	an	Microsoft	Access	database	to	list	
each	identified:

• à Failure	Mode

• à Cause

• à Step	in	Process	Map	where	failure	occurs	

• This	database	was	used	as	a	presentation	 to	the	core	
group.	It	also	included	drop	down	 lists	to	define	O,	S,	D.	
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FMEAOF	EXTERNAL	BEAM	PROCESS

• 3rd Meeting	(Core	Group)	– Scoring	Failure	Modes

• Failure	modes	were	scored	in	a	group	setting.	43	of	
52	failure	modes	were	scored.	The	remaining	9	were	
left	unscored	as	their	RPN	score	would	have	clearly	
been	low.	

• Once	the	scoring	was	complete,	the	failure	modes	
were	ranked	by	RPN	score	and	this	 list	was	
distributed	to	the	group.
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FMEAOF	EXTERNAL	BEAM	PROCESS

• 4th Meeting	(All	Clinical	Staff)

• Failure	Modes	with	an	RPN	score	of	150	or	greater	were	discussed	and	considered	for	safety	
improvement	interventions.

• Safety	interventions	were	considered	for	4	highest-ranked	failure	modes.	Two	of	these	were	
collected	as	a	group	and	two	from	take	assignment.	

• Discussion	focused	on	redesign	of	processes	to	prevent	errors	over	human	inspection	 to	
detect	them.	
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FMEAOF	EXTERNAL	BEAM	PROCESS	

• Total	Time	Spent	 on	FMEA

• Total	Staff	Time:	55	hours
• Core	Group	(7	people):	5.3	hours	per	person

• Clinical	Staff	(12	remaining	people):	1.5	hours	per	person

• Total	Facilitator	Time:	75	hours	(preparation	for	meetings,	collection/review	of	data,	distribution	of	
materials)
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FMEAOF	EXTERNAL	BEAM	PROCESS

• Factors	for	Success

• Support	by	local	and	health	system	leadership.	In	particular,	the	Department	Chair	was	part	of	the	
Core	Group	and	his	participation	was	critical	to	build	engagement	and	enthusiasm	with	the	staff.	

• Well	defined,	structured	plan	that	was	articulated	to	all	participants	throughout	the	exercise.	Staff	
members	had	clear	expectations	for	their	role	in	meetings	and	for	take	home	assignments.

• Role	of	the	Facilitator		was	crucial	for	communication/education	about	the	FMEA	process	and	for	
setting	expectations.	A	significant	effort	was	required	for	the	facilitator.	

• Unexpected	yet	successful	strategy:	take-home	assignments.	Not	all	staff	are	comfortable	in	a	
group	setting.	This	highlights	the	importance	of	creating	a	pathway	for	various	staff	to	contribute	in	
a	meaningful	way.	
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FMEAOF	EXTERNAL	BEAM	PROCESS

• Lessons	Learned
• The	power	of	an	FMEA	exercise	lies	in	identifying	as	many	failure	modes	as	possible	to	highlight	

the	most	serious	failures.	
• FMEA	is		“prospective”	in	nature,	yet	the	process	of	identifying	failure	modes	is	“retrospective”	in	

nature	in	that	it	relies	on	clinical	experience.	It	is	often	difficult	to	recall	or	imagine	all	the	ways	in	
which	a	process	can	fail.	

• We	identified	52	failure	modes	for	62	process	steps	(less	than	1	failure	mode	per	process	step)	
which	is	likely	low.	

• Care	should	be	taken	to	identify	as	many	failure	modes	as	possible.	
• Conduct	streamlined	FMEA	exercises	regularly,	thereby	gradually	adding	to	the	list	of	failure	modes.	

• Use	incident	learning	systems	to	complement	 FMEA.	
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FMEAOF	TG142	– TG265/MPPG 8.A.

• TG265/Medical	Physics	Practice	Guideline	(MPPG)	8.a.	– Performance	Tests	for	Linear	
Accelerators

• Goal	of	MPPG	8.a.:

• Review	current	QA	recommendations	for	traditional	(C-arm)	linear	accelerators	and	determine	
practical	guidelines	for	performance	tests	that	will	enable	the	greatest	detection	of	errors.	

• Sought	to	prioritize	tests	by	their	implication	on	quality	and	safety.

• FMEA	methodology	 used	to	conduct	a	risk	analysis	of	performance	tests	from	current	
protocols	(primarily	from	TG142).
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests

• Process	Map	=	the	daily,	monthly	and	annual	QA	process	on	a	linear	accelerator

• Failure	Modes	=	clinical	parameters	that	affect	patient	dose,	setup	or	safety

• Causes	=	failure,	malfunction	or	incorrect	calibration	of	clinical	parameter

• Each	test	(clinical	parameter	being	tested)	is	considered	a	potential	failure	mode.

• Each	test	is	scored	for	Occurrence	(O),	Severity	(S)	and	lack	of	Detectability	(D)

2016	Spring	Clinical	Meeting	- Salt	Lake	City,	Utah 20
To	Be	Published:	“MPPG	8.a.	Performance	Tests	for	Linear	Accelerators”	Smith	et	al.	2016	



FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	
Tests	– FMEA	Scoring	Table

• Adopted	 TG100	Scoring	Table.	
Changed	definitions	for	the	
scope	of	our	work.
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FMEAOF	TG142	– TG265/MPPG 8.A.
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Test	– Example	of	Scoring

• Test	being	scored:	Daily	Test	of	ODI
• Failure	Mode	=	SSD	setup	 of	the	patient	 is	incorrect.	Cause	=	ODI	is	out	

of	tolerance.

• How	do	we	score	this	failure?
• Occurrence	(O)

• Considerations
• Committee	members	used	their	experience	to	determined	how	often	the	ODI	

is	known	to	fail.	

• How	likely	is	it	that	the	ODI	will	fail?	
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Test	– Example	of	Scoring

• Test	being	scored:	Daily	Test	of	ODI
• Failure	Mode	=	SSD	setup	 of	the	patient	 is	incorrect.	Cause	=	ODI	is	out	

of	tolerance.

• How	do	we	score	this	failure?
• Severity	(S)

• Considerations
• The	daily	ODI	test	is	NOT	being	performed

• How	much	is	the	ODI	out	of	tolerance	when	it	does	fail?	

• What	is	the	severity	of	harm	to	the	patient	if	the	patient	were	treated	
with	an	out-of-tolerance	ODI?
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Test	– Example	of	Scoring
• Test	being	scored:	Daily	Test	of	ODI
• Failure	Mode	=	SSD	setup	 of	the	patient	 is	incorrect.	Cause	=	ODI	is	out	

of	tolerance.
• How	do	we	score	this	failure?
• Lack	of	Detectability	(D)

• Considerations
• The	daily	ODI	test	is	NOT	being	performed

• Committee	members	used	experience	to	decide	is	the	ODI	failure	could	be	
detected	 via	another	pathway

• How	detectable	is	an	ODI	failure?
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests	– Scoring	Participants

• Initially,	7 committee	members	submitted	scores	for	each	test	considered.	We	determined	the	
average	score	for	O,	S	and	D	and	used	this	to	determine	an	average	RPN	score.

• Power	in	the	numbers:	We	decided	to	engage	our	colleagues	in	the	same	exercise	to	validate	our	
own	scoring	and	to	have	more	power	in	the	resulting	scores.	

• We	each	asked	5	colleagues	for	their	input.	

• Scoring	participants	must	have	substantial	experience	in	doing	QA	on	linacs.	Experience	in	FMEA	
was	a	bonus	but	not	necessary.
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests	– Scoring	Participants

• Scoring	participants	represent	practicing	medical	physics	from	all	over	the	country.	

• Variety	of	experience	and	background.	We	asked	participants	to	record	some	demographic	
information.
• Years	of	experience:	Range	from	5-37	years

• Type	of	institution:	Academic,	community	hospital,	government,	consulting	group

• Vendor	of	Linear	Accelerator:	Varian,	Elekta,	Siemens.	
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests	– Scoring	Participants

• Scoring	participants	were	contacted	personally	by	committee	members.	

• Each	participant	was	given	a	blank	scoring	sheet	which	indicated	the	list	of	tests	to	score.	

• Each	participant	was	given	the	FMEA	scoring	table	which	included	an	example	of	how	to	score	the	
test	and	what	considerations	(assumptions)	needed	to	be	made.		
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests	– Scoring	Participants

• We	attempted	to	have	everyone	on	the	same	page	as	far	as	“how	to	score”	each	test.	

• 7	different	people	explaining	the	project	to	35	different	people.	Handouts	were	as	detailed	as	
possible	to	have	consistent	communication	to	scoring	participants.

• Results:	We	received	18	responses – 25	Total	Scoring	Participants	Including	Committee
• For	3	individuals,	we	had	to	re-explain	the	scoring	process	after	realizing	that	the	scoring	was	done	

incorrectly.	Scores	were	resubmitted	from	those	individuals.
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests	– Scoring	of	Daily	Tests
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Risk	Analysis	of	Performance	Tests

• Our	committee	had	a	face-to-face	meeting	to	finalize	
performance	tests	that	would	be	included	in	the	
guideline.	We	reviewed	our	previous	discussions	 on	each	
test	and	used	scoring	information	from	all	the	scoring	
participants	to	determine	whether	to	Keep	or	Exclude	the	
test.
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Conclusion	- Risk	Analysis	of	Performance	Tests

• One	perceived	deficiency	of	previous	reports	on	quality	assurance	tests	 is	that	the	tests	are	
treated	as	equally	important	without	 any	regard	to	reduction	of	quality	in	the	radiation	
delivery	based	on	linear	accelerator	performance.

• This	committee	sought	to	prioritize	tests	by	their	implication	on	quality	and	safety.	

• Performance	tests	for	linear	accelerators	that	are	set	forth	 in	the	guideline	are	derived	from	a	
combination	of	results	from	the	risk	analysis	of	currently	recommended	tests	and	the	
consensus	 of	the	committee.	
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Factors	for	Success

• “Facilitator”,	Chair	of	Committee,	prepared	written	materials	to	distribute	to	scoring	
participants	to	have	consistent	 language	and	communication	about	the	scoring	process.

• Committee	members	carefully	chose	scoring	participants.	Expertise	on	the	subject of	risk	
analysis	is	key.	FMEA	tools	can	be	taught	but	 in	order	to	contribute	meaningfully	to	FMEA	
process,	participants	must	have	in	depth	 knowledge	of	the	subject	matter	being	analyzed	and	
scored.		
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FMEAOF	TG142	– TG265/MPPG 8.A.

• Lessons	Learned

• FMEA	in	this	setting	required	some	flexibility	in	the	process.	

• The	traditional	definitions	of	“process	map”,	“failure	mode”	needed	to	be	adapted	for	the	task.

• The	scoring	table	needed	to	be	adapted	so	as	to	make	sense	in	the	environment	of	this	FMEA.

• Consistent	communication	is	key.	Committee	members	agreed	to	certain	language	and	
explanations	before	approaching	colleagues	to	participate.	
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FMEA	FOR	ROUTINE	QA
TWO	DIFFERENT	SETTINGS

• Small	Community	Hospital	Setting

• Controlled	group	of	participants	for	key	
steps	(core	group	to	do	scoring)

• Experienced	Facilitator

• Department	Chair	committed	to	the	FMEA	
task	who	motivated	staff	and	drove	the	
process	along

• AAPM	Practice	Guideline	Committee

• National	participation	– Scoring	conducted	
in	uncontrolled	environment

• Inexperienced	Facilitator

• Motivated	Committee	Chair	to	use	FMEA	
risk	analysis	tools	in	an	unconventional	
setting
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OUTLINE

• Introduction	 to	TG100/FMEA

• Applications	of	FMEA	Risk	Analysis	to	Routine	QA

• FMEA	of	External	Beam	Process	in	a	Community	Hospital	Setting

• Risk	Analysis	of	Linear	Accelerator	QA
• FMEA	of	TG142	– AAPM	TG265/MPPG	8.a.

• FMEA	of	TG142	– Jennifer	O’Daniel’s Work	at	Duke	University

• Summary	of	Considerations	for	Practical	Applications	of	FMEA	for	Routine	QA
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Risk	Analysis

• Determine	Occurrence	with	actual	failure	rates

• Determine	Severity	by	simulating	failure	rates	in	the	planning	system

• Account	for	frequency	of	test	performance

• Determine	the	percent	of	time	the	failure	was	present	over	the	course	of	treatment

• Determine	the	number	of	patients	affected	by	the	error
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Risk	Analysis

• Determine	Occurrence	with	actual	failure	rates

• Occurrence:	3	Varian	21EX	linear	accelerators	x	3	years	=	9	years	of	data

• Daily,	weekly,	monthly	and	annual	QA

• Post	TG142	implementation

• 2348	treatment	days	analyzed
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Analysis

• Determine	Occurrence	with	actual	failure	rates
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Analysis

• Determine	Occurrence	with	actual	failure	rates
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Risk	Analysis

• Determine	severity	by	simulating	failures	in	the	planning	system

• Severity:	model	error	in	treatment	planning	system	(Eclipse)

• 10	head-and-neck	IMRT	patients

• Primary	PTV	(40-50Gy) and	boost	PTV	(50-70Gy)

• Spinal	cord
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Risk	Analysis

• Determine	severity	by	simulating	failures	in	the	planning	system

• Severity:	model	error	in	treatment	planning	system	(Eclipse)

• 10	head-and-neck	IMRT	patients

• Primary	PTV	(40-50Gy) and	boost	PTV	(50-70Gy)

• Spinal	cord
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TG265/MPPG	8.A	vs O’DANIEL RPN	SCORES
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FMEA	OF	TG142	– O’DANIEL AT	DUKE	UNIVERSITY

• FMEA	of	TG142	– Quantitative	Risk	Analysis

• Important	work	as	it	attempts	to	provide	measured	data	for	Occurrence	and	Severity	
probabilities.	Compared	to	other	 industries,	radiation	oncology	has	 little	data	on	probabilities	
that	go	into	FMEA	scoring	of	failure	modes.	

2016	Spring	Clinical	Meeting	- Salt	Lake	City,	Utah 44
2015	AAPM	Spring	Clinical	Meeting	Presentation:	“FMEA	Analysis	of	TG-142”	Jennifer	O’Daniel,	Duke	University	Medical	Center	



FMEA	FOR	ROUTINE	QA
SUMMARY	OF	LESSONS	LEARNED

• FMEA	Can	be	Used	for	Any	Clinical	Process

• The	scope	of	an	FMEA	risk	analysis	can	be	any	clinical	process.	From	a	short	clinical	procedure	to	
process	for	an	entire	treatment	modality.

• Define	the	scope	and	develop	a	well	structured	plan	to	achieve	the	your	goal.
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FMEA	FOR	ROUTINE	QA	
SUMMARY	OF	LESSONS	LEARNED

• Engage	Participants	with	Expertise	in	the	Process	Being	Evaluated

• FMEA	tools	can	be	taught.	Experts	in	the	process	being	evaluated	will	be	better	able	to	identify	
weak	points	or	failure	modes	in	the	process.

• Engage	participants	with	knowledge	on	different	aspects	of	the	process.

• Ensure	that	participants	are	able	to	contribute	in	a	meaningful	way.
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FMEA	FOR	ROUTINE	QA	
SUMMARY	OF	LESSONS	LEARNED

• Role	of	a	Facilitator	is	Crucial

• This	has	been	noted	in	surveys	of	FMEA	participants.	One	goal	in	the	coming	years	is	to	build	
expertise	in	the	radiation	oncology	community	to	the	point	where	there	is	a	critical	body	of	experts	
who	can	facilitate	FMEA	exercises.

• Institutions	may	also	be	able	to	employ	the	help	of	risk	management	experts	at	the	hospital	level.
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FMEA	FOR	ROUTINE	QA	
SUMMARY	OF	LESSONS	LEARNED

• Big	Picture!

• Easy	to	get	bogged	down	in	different	phases	of	the	FMEA	exercise	(Process	Map,	Scoring)

• Overall	Goal	of	FMEA:	Identify	and	Create	Quality	Improvement	Steps	for	High-Ranking	
Failure	Modes
• Quality	Control	Measures	to	mitigate	risks
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THANK	YOU

• Eric	Ford

• MPPG	8.a.	Committee	Members:
• Peter	Balter
• John	Duhon
• Gerald	White
• Robin	Miller
• Dave	Vassy
• Christopher	Serago

• Jennifer	O’Daniel
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