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cludes all parameters for treatment, the actual fluence
calculated, the generated digital reconstructed radiographs
and MLC control points (where each leaf should be posi-
tioned and for the number of MUs). During this process, the
planning workstation hung (which they frequently do) and
the only way to get further was to reboot the computer. To
save time, as the patient and family members were in the
waiting area, the planner brought up the patient on another
2 work station. The plan was reviewed and approved and the a
patient was called to the treatment unit where the patient ==
file was opened with the new plan. The patient was treated =
with this new plan. He mentioned that the treatment did %I::I
not not feel the same and he had nausea. After the third

fraction, on 16 March, the physicist carried out patient-

3 specific quality control according to the local procedures. -&
This was repeated several times (three times) as the results

4 were startling; the fraction dose measured was 13 Gy
instead of the prescribed 2 Gy. What the physicist saw was I]g
horrifying; the MLC, which was supposed to move to pre-
cisely deliver the wanted IMRT to his tumour, was wide '
open. Consequently, the patient was informed about this -
dreadful situation and the remaining treatments were

5 cancelled. The patient lived for about 2 years with severe
side-effects until he died in Februarv 2007 [11.171.

Lessons Learnt from Past Incidents and Accidents in Radiation
Oncology

T. Knbos

" Department of Haematology., Oncology and Radiation Physics, Skane University Hospital. Lund, Sweden

! Department of Medical Radiation Physics, Clinical Sciences, Lund University, Lund, Sweden

ceived 2 May 2017; received in revised form 17 May 2017 accepted 30 May 2017
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FMEA(3/4)
Fallure Mode and Effect Analysis

Table 4-3. Descriptions of the O, S, and D values used in the TG-100 FMEA

g1 : S
Rank Occurrence (O) Severity (S) Detectability (D)
Qualitative Frequency Qualitative Categorization Estimated
probability of
failure going
N oEr % undetected
1 | Failufe unlikely~ | 0.01% No effectIz B4 M1 0.01%
2 0.02% Inconvenience Inconvenience 0.2%
3 Relatively few 0.05% 0.5%
4 failures 0.1% Minor dosimetric Suboptimal planor | 1.0%
error treatment
5 <0.2% Limited toxicity or | Wrong dose, dose 2.0%
6 Occasional failures 1 <0.5% tumor underdose (I!lStl”lbuthﬂ, loca- 50%
tion or volume
7 <1% Potentially serious 10%
8 Repeated failures | <2% toxicity or tumor 15%
underdose
9 <5% Possible very serious | Very wrong dose, 20%
toxicity or tumor dose distribution,
N under location or volume
10 Failures mevitable | >5% Catastrophic >20%
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TasLe XI. Most common classifications for the possible causes for the failure
ﬁ . shown in the IMRT fault tree analysis in Appendix E (Ref. 141).

a— Error

in data Category Occasions
::I Fail f 1=
IR

Human failures 230

llﬁ J* *ﬁ Error in Lack of standardized procedures REERFGR %
*;_t C'_, data input Inadequate training BN R o
ﬁﬁ:\t & ’ Failure of Inadequate communication SAIEA Y o

Qc

> Error in - fr 2t
Cglgglra'tf; u calculation ] Hardware/software failure ikﬁﬁlﬁfwg 58
——
value for Calculation Hardware 9
patient Failure of | ]

QA (:'—‘ 2igorihm Software 44

Failure of
Qc Hardware or software 5
pep—— Lack of staff 37
prescription Inadequate design specifications 32
Failure of Inadequate commissioning 18

ac

Use of defective materials/tool/equipment 12
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TabLe X. The ten highest average RPN steps and the corresponding potential failure modes, potential causes of failure, and potential effects of failure from the TG100 FMEA.

Rank (process Subprocess Potential effects of  Avg.  Avg.  Avg.  Avg.
tree step#) #_description Step description Potential failure modes Potential causes of failure failure (@] S D RPN
1 (#31) 4—Other 6—Images correctly  Incorrect interpretation of tumor or Inadequate training (user not familiar with modality), Wrong volume 6.5 7.4 8.0 388
pretreatment imaging  interpreted (e.g., normal tissue lack of communication (inter-disciplinary)
for CTV localization  windowing for FDG
PET)
2 (#58) 7—RTP anatomy Delineate GTV/CTV ~ 1—>3%*sigma error contouring Lack of standardized procedures, hardware failure Very wrong dose 5.3 8.4 7.9 366
(MD) and other errors: Wrong organ, wrong site, (defective materials/tools/equipment), inadequate distributions, very
structures for wrong expansions design specification, inadequate programming, human  wrong volumes
planning and failure (inadequate assessment of operational
optimization capabilities), human failure (inattention), human failure
(failure to review work), lack of staff (rushed process,
lack of time, fatigue)
3 (#204) 12—Day N Treatment delivered  LINAC hardware failures/wrong dose Poor design (hardware), inadequate maintenance, Wrong dose, wrong 54 8.2 7.2 354
treatment per MU; MLC leaf motions software failure, lack of standardized procedures (weak dose distribution,
inaccurate, flatness/symmetry, physics QA process), human failure (incorrectly used wrong location,
energy—all the things that standard  procedure/practice), standard Linac performance QM wrong volume
physical QA is meant to prevent failure (not further considered here), inadequate
training
4 (#48) 6—Initial treatment Retreatment, previous| [Wrong summary of othefr treatments.  Lack of staff (rushed process, lack of time, fatigue), Wrong dose 53 8.6 7.3 333

planning directive
(from MD)

treatment, brachy etc.

EXRTR: REFIEEE

A=

human failure (inattention), lack of communication,
human failure (reconstructing previous treatment),
human failure (wrong info obtained), information not

Other treatments not documented

available

SRAMIRN (BERTiRRBAMBIEERE)
B T BE B IR R S iR A0 B
TIEAGREIRK, ®RZAE. REERER

S5 TWeA%s 53 4T

RPN=333

RYAR
B 53 #i




 \UREREER
-] WS AR

A5E1

LA A ETFAAPM-TGL003R & H#EF BT iz 1 -4
TAEME (Bik)

A. SRFER (Process Tree)

B. Fi22{& (Risk Priority Number)

C. LMARR AL 44 (Failure Mode and Effect Analysis)
D. SLIKHT 44 (Failure Tree Analysis)




 \UREREER
) weRammpawRE

A 5&; 2

KMB TRV ERE (Bik) -

A STEBFMAR S

B. (RS R FMAERITRIZPHEBIREMN A S
C. Wt ABUH H BT RIT ARk TR
D. LI E=Tn#E 2




 \UREREER
-] WS AR

LCHRAR
> HRN

>TG100/5 3k

> RS2 65



LEEMWHEBEIR
WS MR aH R R

Practical Implementation of Failure Mode (Dm.,m.k
and Effects Analysis for Safety and Efficiency
in Stereotactic Radiosurgery

Kelly Cooper Younge, PhD,* Yizhen Wang, MS,”* John Thompson, Bs,'
Julia Giovinazzo, BA, Marisa Finlay, MD,' and Raxa Sankreacha, M5*

P s af . af v af Ann Arbor,
and ' Radiation Oncology, Trillium Health Partners - Credit Valley Hospital Site, Mississaugo Halton/

Central West Cancer o . ON. Canada

Validating FMEA output against incident learning data: A study
in stereotactic body radiation therapy

F. Yang,? N. Cao, L. Young, J. Howard, W. Logan, T. Arbuckle, P. Sponseller, T. Korssjoen,

J. Meyer, and E. Ford
Deparmment of Radiation Oncolagy, University of Washington Medical Center, Seatle, Washington 98195

SBRT

Failure modes and effects analysis (FMEA) for Gamma Knife
radiosurgery

RADIATION ONCOLOGY PHYSICS WILEY

Andy Yuanguang Xu® | Jagdish Bhatnagar' | Greg Bednarz! | John Flickinger® |
Yoshio Arai' | Jonet Vacsulka® | Wenzheng Feng® | Edward Monaco® |

Ajay Niranjan? | L. Dade Lunsford® | M. Saiful Hug® ( ;am m aKn Ife

Failure mode and effects analysis and fault tree analysis of surface image guided

cranial radiosurgery
SGRT

Ryan P. Manger, Adam B. Paxton, Todd Pawlicki, and Gwe-Ya Kim

FMEA of manual and automated methods for commissioning a radiotherapy
treatment planning system

Amy Wexler”
Nuclear Science and Engineering Institute, Lafferre Hall, University of Missouri, Columbia, MO 65211, USA

Bruce Gu, Sreekrishna Goddu, and Maya Mutic
Department of Radiation Oncology, Washington University School of Medicine, 4921 Parkview P1, St. Louis, MO 63110, USA

Sridhar Yaddanapudi
Department of Radiation Oncology, University of lowa, 200 Hawkins Drive, lowa City, IA 52242, USA

Risk assessment of a new acceptance testing procedure for conventional
linear accelerators
Taylor Hamry

Depariment of Radiation Medicine and Applied Sciences, University of California San Diego, 3835 Healih Sciences Dy, La Jolla,
CA 92093, USA




oot ﬂ H §Q1§l 1_TPS
3R B2 G Commissioning:

FMEA of manual and automated methods for commissioning a radiotherapy
treatment planning system
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Purpose: To evaluate the level of risk involved in treatment planning system (TPS) commissioning
using a manual test procedure, and to compare the associated process-based risk to that of an auto-
mated commissioning process (ACP) by performing an in-depth failure modes and effects analysis

(FMEA).
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Manual commissioning
failure mode RPN,

.
1. Incorrect choice of 640 ﬂ“i&%ﬁﬁ

measurement equipment

2. Film processor error, 512
incorrect delivery
(gantry, MU incorrect)

3. Insufficient treatment 448
plan evaluation

4. Beam data 432

misinterpreted by
incorrect data selected
5. Beam data 378
misinterpreted by
format mismatch

6. Treatment plan 360

parameters parialy plbacs-ivigid:

corrupted upon
being uploaded to
treatment unit

7. Poor beam modeling 336 %**ﬁﬁi{i

8. Beam data not 288
sufficiently reviewed
9. Independent dose 288

calculations of basic
dosimetry parameters
not performed
10. Beam data not analyzed 270
correctly

SE i = AF W8 HY
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TasrLe III. MTP recommended tests and examples of failure.

MTP test categories

Example test

Examples of failure

Data processing

Data modeling
& analysis

Dose algorithm
validation

Heterogeneous
correction
validation

Dose validation

All data used in the
modeling process must
be reviewed and
validated after entry into
the planning system

The dose distribution
calculated in planning
system is >2% from the
commissioning tests

Off-axis MLC shaped
field, with maximum
allowed leaf over travel

Scan Hetero phantom

at CT scanner and create
the CT-density table by
entering into the TPS.

Verification of sm field
PDD & sm field output.
Clinical cases be planned
and measured with ion
chamber, film, or array

The physicist does not
identify problems with
the acquired data

The physicist does not
review, validate and
compare the data after the
modeling to reference data
provided by the vendor

Measurement equipment
not setup correctly
Dosimeter used for
absolute dose is not
calibrated

Wedge not inserted
properly

The CT to density curve
was not constructed
correctly

Lcalransmission noLset
correctly

Leaf gap offset not set
correctly

Equipment is not set up
correctly

QMP does not properly
review the results of Dose
Validation Test for
commissioning of
IMRT/VMAT modality
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TasLE I. ATP tests evaluated.

ATP test

Purpose

Front pointer distance alignment verification (FPDAV)

Crosshair alignment and jaw parallelism (CAJP)

Jaw position readout (JPR)
Coincidence of light field vs. x-ray field (LVR)

Multileaf collimator static leaf position and static
repeatability test including coincidence of light vs. x-ray
field (MLC SLPA LR)

Verify the front pointer measured distance meet specifications

Verify that the radial and transverse crosshair lines parallelism alignment with the jaws and
multi leaf collimator leaf banks meet specifications

Verify that the projected light field and digital positional field readout meet specification
Verify the light vs. radiation field coincidence meet specification

Verify planned MLC positions vs. physical MLC positions meet specification. Verify the light
vs. radiation field coincidence meet specification

Photon field flatness and symmetry and depth of
ionization (MV FS DOI)

Verify that the radial and transverse beam profiles meet specification. Verify the photon depth
of ionization meets specification

Electron Field Flatness Symmetry and Depth of
Ionization (MeV ES DOI)

MV/kV imager positioning unit Vrt/Lat/Lng/Iso cal
(MVD/kVD PRO)

kV source positioning Vrt/Lat/Lng (kVS PRO)
MYV image quality (MV 1Q)

kV gray scale and contrast (kV GSC)

MYV dosimetry integration and uniformity/noise (MV
DIUN)

kVp, HVL, Air Kerma test accuracy (kV HVL AK
mASs)

Pixel sensitivity map (PSM)

Verify that the radial and transverse beam profiles meet specification. Verify the electron depth
of ionization meets specification

Verify that actual translational positions and displayed digital readout meet specifications

Verify that actual translational position and displayed digital readout meet specification

Verify that resolution, noise and contrast, gray scale linearity, and uniformity meet
specification

Verify that, noise and contrast, gray scale linearity, and uniformity meet specification

Define the linearity of pixel counts relative to dose and uniformity and noise
Verify that kVp, mA, ms accuracy and Air Kerma meet specifications

Define response and intrinsic noise of the EPID
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L& MERG AT SRR
(a) 6) Ion chamber setup
No reference probe —» 8) Data Analysis
4) Set SSD lon chamber positioning —p-
lIon chamber miss-calibrated —» Incorvect data recorded
: < ealibr aulfonction Improperly documented —+
2) Collimator angle ODI mis tod — Ton chamber —
1 it i Cable connections —» Software malfunction —
c - ODI malfunction —»
. Human error — Human error —p Human error —
Satmter Human distracted —» Human distracted —» Human distracted —p
Flatness and Temporal — Temporal — Temporal —»|
symmetry, depth of <
fonizaton. test 4— Gantry miss-calibrated . &— Linac crosshairs incorrect [¢— Inadequate scan speed | ¢— Incorrect energy
¢— Gantry malfunction . ¢— Tank not level [¢— Direction of scan incorrect \¢— Incorrect field sizes
«+— Tankdoes not hold water [ A IH——
|— is of |¢— Human error
1) Gantry angle PR Incorrect axis of scan e -
|4— Cable connections uman distract
Tank malfunction —
ET |¢— Human error Temponal
‘¢«— Human error .
«— Human distracted =T Rt 7) Beam delivery
|¢— Temporal
¢— Temporal
3) Water tank setup 5) Scanning system setup

Photon field flatness and symmetry and depth of
ionization (MV FS DOI)

Verify that the radial and transverse beam profiles meet specification. Verify the photon depth

of ionization meets specification

ORANE: 7
@ MANFREE (RPN) >20084) 5

Acceptance
test signature
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ATP test/process step Failure mode or failure pathway 0 S D RPN

(a)

Photon field flatness and symmetry, depth of lonization

Water tank/phantom setup and alignment to linac isocenter Tank does not hold constant water level 5 7 6 210
Human distracted IKFEIBEAIERME o 7 5 210

Scanning system setup Incorrect depth of scan 5 9 4 180

Analysis of data. Documenting and recording results Incorrect data recorded 4 9 7 252
Improperly documented ﬁﬁﬁ*ﬁ *ﬂ E &l\.ﬂ 9 7 252
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