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AAPM TG100 analysis of causes of failure for IMRT
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Reactive = Example: Prescriptive Quality Assurance Protocols (T

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

We devote a substantialamount 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— lllustration 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 chooseto focus on failure modes

with high RPN or Severity Scores.

2016 Spring Clinical Meeting - Salt Lake City, Utah
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INTRODUCTION TO TG100/FMEA

* Limitations of TG100 risk based analysis
* Lack of measured data on occurrence and detection probabilities

* Forcedto rely on expert consensus forscoring

2016 Spring Clinical Meeting - Salt Lake City, Utah
To Be Published: “The Report of Task Group 100 of the AAPM: Application of Risk Analysis Methods To Radiation Therapy Quality Management” Hugq et al.
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FMEA OF EXTERNALBEAM PROCESS

A streamlined failure mode and effects analysis

Eric C. Ford,” Koren Smith, Stephanie Terezakis, Victoria Croog, Smitha Gollamudi,
Irene Gage, Jordie Keck, Theodore DeWeese, and Greg Sibley

Department of Radiation Oncology and Molecular Radiation Sciences, Johns Hopkins University,
Baltimore, MD 21287

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

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

e 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
2nd Meeting — 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

TABLE L. Structured process for streamlined FMEA. A clear goal was identified for each session, each of which was typically a 1-h meeting.

Session Goal Staff present Take-home tasks

Pre Determine scope of FMEA. Identify core leadership group. and N/A N/A
facilitator(s). Distribute premeeting educational materials.
1 Generate process map. Review three example failure modes. Core group Write down known failure modes.
2016 Spring Clinical Meeting - Salt Lake City, Utah 2 List failure modes. No scoring. All Collect further failure modes.
o 9 . 3 Score all failure modes for risk priority number. Rank failure modes. Core grou, Distribute list of ranked failure modes.
Ford EC et al' A streamllned fallure mOde and EffECtS analySIS' MEd Phys 2 4 Identify safety improvement ml?r\‘cnl;ons for top-ranked failure modes. All e N/A




FMEA OF EXTERNALBEAM PROCESS

Consensus recommendations for incident learning database structures
i iation oncology

15t 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.

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

Dosimetrist draws inital contours on CT.

Dosimetrist communicates to radiation oncologist via email, notes on
office door, etc. that CT is ready for target delineation.

Prescription is in the chart from the time of consult.

Dosimetrist documents shifts (if any) far therapists on the paper chart
(shift information also avadable on summary sheet from Pinnacle).
Dosimetrist exports infarmation to Multi-Access; manually recorded for
Toma patients.

15t Meeting (Core G -
— ysician plan review
eeting (Lore Group
Monitor units and parameters are checked.
Nursing performs time out and ensures patient is ready to begin

Process Map L

Therapist performs a check of all parameters and treatment plan.

Facilitator later translated stic ky e e
d plan, etc.
;Iag::n:':j-’;m:f-eu by 2 methods [DO8 and face photo in chart and on

notes into a formal process map. e

Patient is positioned with immobilization devices.
. . Shifts are dane (# necessary).
Kept the illustration of the process TS e it ] e e o e
zix:ir:)isas are recarded in the back of the paper chart

8 e B Therapist submits dasimetry change s if necessary based an TSDs from
map simple in order to save time. e

Film acquired and checked by RTT if day one
Weekly films acquired as needed (Mondays or each 2 fraction for special
cases)
Patient treated {note: if high dose / palliative then physician is calied to
approve films prior to treatment}
Diode measurements are performed wedged or electron fields.
RTT records defivered dose in paper chart (multi-access also records it)
Radiation oncologist reviews and approves imaging from day 1.
Patient is tattooed after physician approves images.

Schedule boosts if needed.

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

2"d 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.

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

34 Meeting (Core Group) — Scoring Failure Modes

Facilitator created an Microsoft Access database to list e T——
each identified: -

* - FailureMode
* - Cause

intervention not indicated 1in 20 years
1in 10 years

* > Stepin Process Map wherefailure occurs

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

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

3'd Meeting (Core Group) — Scoring Failure Modes

ctability, and severity used in this exercise.

Failure modes were scored in a group setting. 43 of

Detectability

52 failure modes were scored. The remaining 9 were + mention ot e

2/10000 0.2%

left unscored as their RPN score would have clearly : . e ‘ i

been low. ;
Once the scoring was complete, the failure modes

were ranked by RPN score and this list was

distributed to the group.

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF EXTERNALBEAM PROCESS

occurrence, O, detectability, D, and Risk Priority Number. RPN,

Prc step S RPN

to physician in Tx delivery
/consent for patient S ff did not check H&P Simulation
ntoured in treatment sician. Tx planning

ted without the Patient do she i gn: Simulation
team's knowledge 2

4t 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 assighment.

Discussion focused on redesign of processes to prevent errors over human inspection to
detect them.

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




FMEA OF EXTERNALBEAM PROCESS

e Total Time Spent on FMEA
* Total Staff Time: 55 hours

* CoreGroup (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)

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




FMEA OF EXTERNALBEAM PROCESS

A streamlined failure mode and effects analysis

Eric C. Ford,® Koren Smith, Stephanie Terezakis, Victoria Croog, Smitha Gollamudi,
Irene Gage, Jordie Keck, Theodore DeWeese, and Greg Sibley

Department of Radiation Oncology and Molecular Radiation Sciences, Johns Hopkins University,

* Factors for Success Baltimore, MD 21287

* Supportbylocal 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 comfortablein a
group setting. This highlights the importance of creating a pathway for various staff to contributein
a meaningful way.

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




FMEA OF EXTERNALBEAM PROCESS

A streamlined failure mode and effects analysis
Eric C. Ford,® Koren Smith, Stephanie Terezakis, Victoria Croog, Smitha Gollamudi,
Irene Gage, Jordie Keck, Theodore DeWeese, and Greg Sibley

Department of Radiation Oncology and Molecular Radiation Sciences, Johns Hopkins University,

e Lessons Learned Baltimore, MD 21287

* The powerof an FMEA exercise lies in identifying as many failure modes as possible to highlight
the most serious failures.

FMEAis “prospective” in nature, yet the process of identifying failure modes is “retrospective” in
naturein thatit relies onclinical 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.

2016 Spring Clinical Meeting - Salt Lake City, Utah
Ford EC et al. A streamlined failure mode and effects analysis. Med Phys. 2014; 41(6)
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FMEA OF 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 performancetests that will enable the greatest detection of errors.

* Soughtto 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).

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




FMEA OF 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 testis scored for Occurrence (O), Severity (S) and lack of Detectability (D)

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




FMEA OF 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.

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




FMEA OF TG142 — TG265/MPPG 8.A.

TG100 Scoring Table MPPG8.a. Scoring Table

Table I1. Descriptions of the O, S, and D values used in the TG-100 FMEA
Rank

Table for FMEA Scoring of Linear Accelerator Performance Tests
Instructions

Scverity(S)
Qualitative Categorization

Deicctability (D)
Estimated

Occurrence (O)
Qualitative | Frequency
in %

(1) Assume clinical parameter in question is NOT being tested by the particular test you are scoring.
(Example: Consider the failure of the output if it were NOT tested daily.)
(2) Score each test independently. Assume you are eliminating one test at a time and all other tests are as currently recommended.

Probability of
failure going
undetected in %

(Example: Output is NOT tested daily but is still checked monthly.)

Failure

unlikely

0.01

No effect

0.01

What if the test is NOT performed and the clinical
parameter fails? What is the effect on the patient?

What is the likehood that the
clinical parameter will fail?

How detectable is a failure? Are there other tests

or machine interlocks that monitor this

parameter?

0.02

Relatively

few
failures

0.05

Inconvenicence

Inconvenience

0.2

Sewv

rity (S)

Occurrence (0)

Detectability (D)

0.5

0.1

Minor
dosimetric
crror

Suboptimal
plan or
treatment

1.0

Qualitative - Relative
Harm to Patient

Outcome of Failure

Qualitative Frequency
Description in%

Qualitative Description

Estimated
Probability of
Failure Going
Undetected in %

<0.2

Occasional
failures

<0.5

Limited
toxicity or
tumor
underdose

<l

Repeated
failures

Potentially

Loxicity or
tumor
underdose

Wrong dose,
dosc
distribution,
location or
volume

No Effect

Unlikely Dosimetric or
Positional Error

Minimal - No Side Effects

Minimal Dosimetric or
Positional Error

Failure Unlikely

Always Detectable via
[Another Method

0.01]

Minor Harm - No Side
Effects

Possible very
serious
toxicity or
tumor
undcrdose

Failures
inevitable

Catastrophic

Very wrong
dose, dose
distribution,
location or
volume

Minor Harm - Minor Side
Effects

Minor Dosimetric or
Positional error

Relatively Few
Failures

Easily Detectable via
[Another Method

0.2

Major Harm - Serious Side
Effects

Major Dosimetric or
Positional Error

Occasional
Failures

Moderately Detectable via
Another Method

Difficult to Detect via
[Another Method

Repeated Failures

Major Harm -
Threatening

Severe Dosimetric or
Positional Error

Very Difficult to Detect via
[Another Method

Death

16 Spring Clinical Meeting - Salt Lake City, Utah
To Be Published: “MPPG 8.a. Performance Tests fo

Linear Accelerators” Smith et al. 2016

Catastrophic Dosimetric or
Positional Error

Failure Inevitable

Never Detectable via

[Another Method




FMEA OF 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?

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

What is the likehood that the
clinical parameter will fail?

Occurrence (O
Qualitative Frequency
Description

5
ES

Failure Unlikely

U

Relatively Few
Failures

¥

i

Occasional
Failures

A

Repeated Failures

10 |Failure Inevitable

A

v

l
-

A
U U N =




FMEA OF TG142 — TG265/MPPG 8.A.

Qualitative - Relative
Harm to Patient

Risk Analysis of Performance Test — Example of Scoring

Test being scored: Daily Test of ODI

Minimal - No Side Effects |Minimal Dosimetric or

Minor Harm - No Side Minor Dosimetric or
Positional error
Minor Harm - Minor Side

Effects

Failure Mode = SSD setup of the patient is incorrect. Cause = ODI is out
of tolerance.

How do we score this failure?

Severity (S)

* Considerations

Major Harm - Serious Side |Major Dosimetric or
Effects Positional Error

* What is the severity of harmto the patient if the patient were treated
with an out-of-tolerance ODI? Positional Error

2016 Spring Clinical Meeting - Salt Lake City, Utah 24
To Be Published: “MPPG 8.a. Performance Tests for Linear Accelerators” Smith et al. 2016

* The daily ODI test is NOT being performed

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




FMEA OF 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 viaanother pathway

* How detectable is an ODI failure?

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

Always Detectable via
Another Method

Detectability (D

Qualitative Description Estimated
Probability of
Failure Going
Undetected in %

Easily Detectable via
Another Method

Moderately Detectable via
Another Method

=

Difficult to Detect via
Another Method

Another Method
Never Detectable via
Another Method

=

N

o
= e o
(=) (9, (=] U N o U N = |

(=]




FMEA OF 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
averagescore forO, S and D and used this to determine an average RPN score.

Powerin the numbers: We decided to engage our colleagues in the same exercise to validate our
own scoring and to have more powerin 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.

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




FMEA OF TG142 — TG265/MPPG 8.A.

* Risk Analysis of Performance Tests — Scoring Participants
* Scoring participants represent practicing medical physics from all overthe country.

» Variety of experience and background. We asked participants to record some demographic
information.

* Years of experience: Range from 5-37 years
* Type ofinstitution: Academic, community hospital, government, consulting group

* Vendor of Linear Accelerator: Varian, Elekta, Siemens.

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




FMEA OF TG142 — TG265/MPPG 8.A.

* Risk Analysis of Performance Tests — Scoring Participants

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




FMEA OF TG142 — TG265/MPPG 8.A.

* Risk Analysis of Performance Tests — 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.

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




FMEA OF TG142 — TG265/MPPG 8.A.

* Risk Analysis of Performance Tests — Scoring of Daily Tests

Rank Order Rank Order
RPN Score - Committee Only RPN Score - All Scoring Participants
82 Wedge Check Out Run 132 X-Ray and Electron Output Constancy
76 X-ray and Electron Output constancy 105 Stereotactic Interlocks {Lockout)
75 Collimator Size Indicator 83 Laser Localization
43 Stereo Interlocks (Lockout) 70 Collimator Size Indicator
40 Laser Localization 55 Wedge Check Out Run
39 Door Closing Safety 41 ODI
29 0ODI 35 Audio/Visual Monitors
21 Audio/Visual Monitors 33 Door Closing Safety
8 Door Interlock 22 Door Interlock
7 Beam On Indicator 12 Radiation Area Monitor
6 Radiation Area Monitor 11 Beam On Indicator

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




* X-Ray (Daily) and Electron (Weekly) Output Constancy
* Tolerance: 3%

* Discussion:

— lon chamber fail or leak may cause output variations but may be
seen by other interlocks such as symmetry faults or monitor
chamber differences.

Output check in the morning can detect any engineer mishaps or

FMEA OF TG142 — TG265/MPPG 8.A. G Ko T s i

Keep As Is @ Exclude
* If Changing, How?: Test any energy daily that is used
for patients on that day. No longer differentiate

between daily/weekly for photons and electrons.
Xray to Photon in name.

RPN Score

Implementation Notes: Consider any delays
associated with adding unexpected patient
appointments during the day.

Risk Analysis of Performance Tests

Our committee had a face-to-face meeting to finalize *Backup Diaphragm Settings (Elekta Only) RPN Score.

Tolerance: 2mm
Discussion: Need more discussion

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 B i Change QX@
test. )

* |f Changing, How?:

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

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




FMEA OF 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.

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




FMEA OF TG142 — TG265/MPPG 8.A.

Lessons Learned

FMEA in this setting required some flexibility in the process.
* Thetraditional definitions of “process map”, “failure mode” needed to be adapted for the task.
* Thescoring 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.

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




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

2016 Spring Clinical Meeting - Salt Lake City, Utah

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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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

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




FMEA OF TG142 — O’'DANIEL AT DUKE UNIVERSITY

Occurrence

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
* PostTG142 implementation

2348 treatment days analyzed

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




FMEA OF TG142 — O’'DANIEL AT DUKE UNIVERSITY

Occurrence  ——— 4

Ranking: Occurrence

m Occurrence: Frequency of Failure (%)

TG100 This study
<=0.01% <=0.01%
<= 0.02% > 0.043% (0/2348)
<=0.05% <=0.043% (1/2348)
<=0.1% <=0.1%
<=0.2% <=0.2%
<=0.5% <=0.5%
<=1% <=1%
<=2% <=2%
<=5% <=5%
>5% >5%

* FMEA of TG142 — Quantitative Analysis

* Determine Occurrence with actual failure rates

1
2
3
4
5
6
7
8
9

=
o

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




FMEA OF TG142 — O’'DANIEL AT DUKE UNIVERSITY

Occurrence

Occurrence: Daily QA

Occurrence (% of total d
Daily QA Test Number of Adjustments
of operation

Output 86 3.7%
Laser 19 0.8%
CBCT Pos/Repos 10* 0.5%
oDl 0.09%
Jaws vs. Light Field < 0.05%
kV/MV Pos/Repos < 0.05%
Imaging vs. Tx Iso < 0.05%

* FMEA of TG142 — Quantitative Analysis

* Determine Occurrence with actual failure rates

Imaging Safety < 0.05%
Linac Safety < 0.05%

' DukeMedicine
2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF TG142 — O’'DANIEL AT DUKE UNIVERSITY

Severity

* FMEA of TG142 — Quantitative Risk Analysis

Determine severity by simulating failures in the planning system
» Severity: model error in treatment planning system (Eclipse)

* 10head-and-neck IMRT patients

* PrimaryPTV (40-50Gy) and boost PTV (50-70Gy)

e Spinal cord

2016 Spring Clinical Meeting - Salt Lake City, Utah
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FMEA OF TG142 — O’'DANIEL AT DUKE UNIVERSITY

Severity

Ing: Severi

* FMEA of TG142 — Quantitative Risk Analysis
* Determine severity by simulating failuresin the planning syste
» Severity: model error in treatment planning system (Eclipse)

* 10head-and-neck IMRT patients

* PrimaryPTV (40-50Gy) and boost PTV (50-70Gy)

e Spinal cord

2016 Spring Clinical Meeting - Salt Lake City, Utah
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No effect
Inconvenience

Minor dosimetric
error
Limited toxicity or
tumor underdose
Potentially serious
toxicity or tumor
underdose
Potentially very
serious toxicity or
tumor underdose
Catastrophic

| Rank 176100

Change in %-Volume Change in Maximum

of PTV at Rx Dose
<=1%
<=2%
<=3%
<=4%

<=5%

<=10%
<=15%
<=20%

>20%

Medical Event

Dose to Cord
<= 45cGy (1%)
<= 90cGy (2%)
<=135¢Gy (3%)
<= 180cGy (4%)

<= 225¢Gy (5%)

<= 450cGy (10%)
<= 675¢Gy (15%)
<= 900cGy (20%)

> 900Gy (20%)

Medical Event




TG265/MPPG 8.A vs O'DANIEL RPN SCORES

2016 Spring Clinical Meeting - Salt Lake City, Utah

Commonly Scored Daily Tests

Performance Test Ranking’
O’Daniel
Output Constancy
Laser Localization
Distance indicator (ODI) @iso
Collimator size indicator

Local | Performance Test Ranking'
RPN' MPPG 8.a.

| Output Constancy
Laser localization
Collimator size indicator
Distance indicator (ODI)

Commonly Scored Monthly Tests

MPPG 8.a. RPN’
Laser Localization
coincidence (asym, sym)
m

Distance check device

Treatment couch position
indicators

Performance Test Ranking
O’Daniel
Output Constancy
Laser Localization
Light/radiation field coincidence

Distance check device
position indicators

Treatment couch position
indicators
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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 gointo FMEA scoring of failure modes.
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FMEA FOR ROUTINE QA
SUMMARY OF LESSONS LEARNED

* FMEA Can be Used for Any Clinical Process

* Thescope of an FMEA risk analysis can be any clinical process. Froma shortclinical procedureto
process foran entire treatment modality.

* Define the scope and develop a well structured plan to achieve the yourgoal.

2016 Spring Clinical Meeting - Salt Lake City, Utah




FMEA FOR ROUTINE QA
SUMMARY OF LESSONS LEARNED

* Engage Participants with Expertise in the Process Being Evaluated

* FMEAtools can be taught. Experts in the process being evaluated will be better able to identify
weak points or failure modesin the process.

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

* Ensurethat participants are able to contributein 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. Onegoal in the comingyearsis 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!
* Easyto 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

2016 Spring Clinical Meeting - Salt Lake City, Utah




THANK YOU

Eric Ford
MPPG 8.a. Committee Members:

* Peter Balter

* JohnDuhon

* Gerald White

* Robin Miller

* Dave Vassy

* ChristopherSerago

Jennifer O’Daniel
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