The application of error reduction
QA philosophy In HDR
brachytherapy
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The Preblem with
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QA Guidance
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Mostly, OM from AAPM
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QA Guidance
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Report 13: Physical Aspects of Quality Assurance in Radiation Therapy (1984)Radiation
Therapy Committee Task Group #24, with contribution from Task Group #22; 63 pp.
Report 24: Radiotherapy Portal Imaging Quality (1987) Radiation Therapy Committee
Task Group #28; 29 pp

Report 41: Remote Afterloading Technology (1993) Remote Afterloading Technology
Task Group #41; 107 pp.

Report 46: Comprehensive QA for Radiation Oncology (1994) Radiation Therapy
Committee Task Group #40; 37 pp.

Report 47: AAPM Code of Practice for Radiotherapy Accelerators (1994) Radiation
Therapy Task Group #45; 37 pp.

Report 56: Medical Accelerator Safety Considerations (1993) Radiation Therapy
Committee Task Group #35; 15 pp.

Report 59: Code of Practice for Brachytherapy Physics (1997) Radiation Therapy
Committee Task Group #56; 42 pp.

Report 61: High Dose-Rate Brachytherapy Treatment Delivery (1998) Radiation
Therapy Committee Task Group #59; 29 pp.

Report 62: Quality Assurance for Clinical Radiotherapy Treatment Planning (1998)
Radiation Therapy Committee Task Group #53; 57 pp.

Report 83: Quality assurance for computed-tomography simulators and the computed-
tomography-simulation process (2003); 31pp. Radiation Therapy Committee Task Group
#66




And of those Reports
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The Problem
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Another Problem: The
reports can’t keep up
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The New Paradigm
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IJAEA Report
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Human and Mechanical
Faillures
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Risk Assessment
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Process Viap or Tree
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LDR Brachytherapy Process Tree 1:
Placement followed by dosimetry
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EPID imagingy, Place patient on table Verify beam outlines

For localization . @ Select beam in
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TG 100 and EMEA
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Sample EMEA Topic

Step Potential Failure | Potential Cause of Potential Effects of RPN | Comments
Modes Failure Failure
Specify images | Specify use of Ignorance of available | Wrong anatomical 512 | 4D CT gating.
for target and incorrect image imaging studies model (leading to
structure set systematic geometric
CENTEEHET, CE and dosimetric errors)
Viz.; wrong phase | Miscommunication
of 4D CT selected
for planning; Ambiguous labeling of
wrong MR for image sets
target volume
delineation Inadequate training
Software error
User error
Specify protocol | Incomplete/ Ignorance of available | Wrong anatomical 216
for delineating | incorrect listof | imaging studies model (leading to
target and specified systematic geometric
structure

structures and
corresponding
image sets

Miscommunication

Ambiguous labeling of
image sets

Lack of explicit
protocol

User error

and dosimetric errors)




Risk Prebability Number
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Hazard
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Fault Trees
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Deviation from
adequate
treatment

Wrong dose
distribution or
site

Wrong patient
treated

Prescription
error

Fractionation
failure

Accounting
error

Wrong
applicator used

Error in
treatment
planning
Treatment
planning failure

Verification
error

Applicator
positioning
error

Applicator
Treatment connection

implementation error
failure

Treatment
programming
failure
Wrong patient
selected

Treatment
delivery error

Failure to
identify patient

Treatment
terminated
prematurely




Incompatible
factors for

calibration and
dose calculation Wrong chart
referenced

incompatible ]
units Physician's error

Wrongaﬁla;tgnt S Error in
(transc!
Incorrect data Data
transfer transposition
Incorrect data Intergrrr%t?tlon
entry
Incorrect entry
2

naccurate

Wrong location source position
of dose en
distribution

Dose

Dose calculation
error

positions
activated

specification to
== Oints
Wrong dwell i r O a-
Inappropriate
marker

Marker in w
Incorrect dwell position

times entered
(manual, not
optimized)

Incorrect shape
of dose
distribution
(incorrect

optimization) Error in
specificati
Inconsistent step
size Incorrect marker
used Program
error
Algorithm error @ Acceptance
testing error
Software version File corruption
Software error . A
incompatibility

QM failure
Corrupt file




Some Parts
of the Tree
are Deep

Source strength
error

Dosimetry Error

Dose calculation
error

. . Measurement
Calibration error
error

Wrong
calibration Calculation error

Failure of

verification Error in data

entry

Failure to enter
or alter data (unit
default)

Erroneous
strength for
source data

Wrong source
data device
Failure of
verification . .
Discrepency in
strength between
device and
planning system
Wrong data
format (US/Euro)
Wrong data
(wrong decay
factor)

Incorrect entry




What the Fault Tree Tells
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Quality Management
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Organizational Difference
between QA and QC
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In General
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Example:
Calculation Error
Tree with QM

Calculation _
Error in

Error in Input
Data

Error in QC

Error in Data
Entry

Error in QC

Error in
Calculational
Algorithm

Error in QC

Error in
Prescription

Errorin QC




Priorities for QM Tools

Forcing functions and constraints
e Interlock
e Barriers
e Computerized order entry with feedback

Automation and computerization
e Bar codes

Automate monitoring

Computerized verification

Computerized order entry

Protocols, standards, and information
e Check off forms
Establishing Protocol / Clarify Protocol
Alarms
Labels
Signs
Reduce similarity

Independent double check systems and other
redundancies
e Redundant mea surement
Independent review
Operational Checks
Comparison with standards
Increase monitoring
Add status check
Acceptance te st

Rules and policies
e External Audit
Internal Audit
Priority
Establishing / Clarify Communication Line
Staffing
Better Scheduling
Mandatory Pauses
Repair
PMI (Preventive Maintenance In spection)
Establish and Perform QC and QA (Hardware and
Software)

Education and Information
e Training
e Experience
e [nstruction

Environment

(Environmental Controls) Sound Control
(Environmental Controls) Cleaning
(Environmental Controls) Neatening
(Environmental Controls) Isolation
(Environmental Controls) Visual Control
Environmental Design

[Rank the effectiveness of tools based on the suggestion
of ISMP]



Freguency: for OM

U 0)C — avervilfe zl grogeeeltfe s gaerformeel

o) @A=iiRENPENGEISUCHNNEINIENGISE
gossidle caplcliiians farwalles ire 6
scraans Wolllel oracltics rio freliin)




Comparison of QA and QC
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Application of the Principle:
Annual Linac Calibration
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Application to HDR Brachytherapy

o REcCEEnIZE el eVERISHIEVENIEENNE UENG
RURIERNeEGITcRCEN I BIES

O VY rleive gesn) nlliEieel of earraliczeisc] oY
MEChIRENaIUGES




HDR Machine Failure
Examples
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HDR Unit Problems Leading
to Human Eailure
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Programming Error
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HDR Unit Problems Leading
to Human Eailure
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HDR OM - Commissioning
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HDR OM — Daily Unit Checks
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HDR OM — Daily Unit Checks
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HDR OM — Source Change
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Source Change QA
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HDR QM — Per Patient
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Things to Check on a Plan

“Trlirlefs inrett Wolllel siffact il ezt e

ShllIENPIESClIECNSHIlIET:
(COECHEOSENONNE
Coechiocaton

U Sifleige g ifleclogse cisiflotiiien) clereVes clesie
PIESEHINEENE06ESEISUITEACEICOVESH G ERVOIUINE
IDESENEISHHUEINIESI 2P PG RHEIEN IO ENEIL

o) Clilical oreeSHEmaINEIoMWAGIElENGE
o Pleig cafracily ireigsiariacl io ofeefrelf!
o Pl ContaISHBIEGIS




Independent Verification
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Check Treatment Times
for Consistency.
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Position Verification
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Applying the Approach
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Findings Applying the Approach 1
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Findings Applying the Approach 2
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Findings Applying the Approach 3
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Findings Applying the Approach 4
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Conclusion
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