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Implementation of proactive risk analysis
in radiotherapy with myQA PROactive.
Case study: surface guided DIBH breast

radiotherapy
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Background

RT clinic in a public community hospital
(S. Maria Annunziata Hospital, Florence)

» 2 LINACs
» Risk analysis performed since 2010

» Investigated workflows: 3D CRT, IMRT, VMAT, SGRT
DIBH, SBRT (in progress)

» Methods: FMEA, 3 parameters, scales 1-5 (local guidelines)
» Tools: Word\Excel
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,Allméd tools for clinical risk management
myQA PROactive

* Dedicated to prospective risk analysis
* Optimized for clinical applications
* Prototype tested by >20 clinical partners worldwide

myQA® PROactive

The only commercial prospective risk
management solution for radiation oncology
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. Automated tools for clinical risk management
my(QA PROactive

* Browser based
* Local installation (PC or server)
* Multi-user access with personal credentials

myQA PROactive """’
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Automated tools for clinical risk management

my(QA PROactive

* Templates fully editable elaborated by clinical partners
* FMEA excel spreadsheet can be imported with few formatting steps

o MyQA PROACiVe 110 [y nf e s o

P~ =
L] L] La: ed
303 20 32 1 334.04 3 977/22.3:23PM Pending © View S Edit Y Version
5/4/22.10:45 AM Pending @view # Edit % Version
tetium-177-PSMA 3 1 2 o 210.00 1 9/15/22. 11:38 AM Pending @ View # Edit % Version
SGRT Breast BH 48 as 8 1 188 1 815722, 10:01 AM Pending @ View S Edit Y Version
‘mMyQA PROactive
Risk management for radiation oncology
From burden to value
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myQA PROactive Templates

Automated tools for clinical risk management

Templates include a typical description of:

Workflow (step list and flowchart)

Failure modes

Examples of Failure mode evaluation (O, S, D): provided, with
context (the clinical setting in which they have been generated)
Risk reduction measures in place by-default in most clinics

Example of quality measures which can be added

@ View S Edit % Version

@view # Edit %Y Version

@View S Edit % Version

@View S Edit % Version

Library dashboard
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SGRTBT];H Temp ate

7 Select language

Tba myQA PROactive '**

Selected risk analysis: SGRT BreastBH = Version:1  Change

Show Flowchart + Failure Mode

Step
- Step / Failure Mode 4
>  1.CTsimulation
> 2 Planning (-] 1.1.Patient acceptance

Wrong patient identification (patients mix-up)

»  3.Datatransfer
(] 1.1.Patient acceptance
Informed consent not received from the
>  4.Treatment patient

(-] 1.2 Patient positioning FB
Wrong positioning because lasers are not well
aligned

(-] 1.2.Patient positioning FB
Wrong positioning because of wrong choice
of immobilization system

(-] 1.2.Patient positioning FB
Wrong positioning because patient moves
during definition of reference points

¥ Show step detells

(-] 1.3.CT system settings F8
Wrong CT volume because of not proper
selection/setting of CT protocol

© 1.4.Export FB CT datato TPS
CT scan is not sent to TPS

(-] 1.5.Virtual simulation & identification of
isocenter
Wrong identification of treatment isocenter

(] 1.5.Virtual simulation & identification of
isocenter

Wrong tattoos position because of patient

SGRT DIBH Template movement
elaborated with AUSL TC
Radiotherapy of Florence -

Italv

1.5.Virtual simulation & identification of
isocenter

D VO B g |

Process view
Cause Effect 4
Cause Wrong volume

Cause

Cause

Cause

Cause

Cause

Cause

Cause

Cause

Cause

Leqal liability .-

Suboptimal plan -

Inconvenience

Suboptimal plan -~

Suboptimal plan -

Suboptimal plan =

Suboptimal plan -

Suboptimal plan -~

not specified .~

ost/benefit view

Effectview Report

Severity
8) +

7.00

4.00

5.00

5.00

5.00

3.00

6.00

6.00

4.00

Occurrence
(0) ¢

5.00

8.00

4.00

4.00

5.00

6.00

P (1)

()

P 1)

14 (1)

P (1)

14 (1)

P4 1)

4()

P (1)

4 (1)

Detectability
@) ¢

5.00

3.00

4.00

4.00

5.00

6.00

2.00

4.00

4.00

6.00

ZL)

()

)

(1)

()

(1)

14 (1)

A4 (1)

14 (1)

2

RPN 4

175.00

100.00

80.00

175.00

120.00

120.00

144.00

168.00

3 Settings

Event rate
neff
(patients/y)

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

N

g % |

& Cancel edit

[

X Export

Show All

Do

Jo

Do

Do

(Jo

Do

Do
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Process view  Cost/benefit view

hange = % Version1 = (®Release

+ Failure mode

Status 'Y

> @

> @

¥ Show step details

Step / Failure mode Y Cause

Wrong pooltionlng bet;ause patient moves
during definition of reference points

Cause

1.3. CT system settings FB
Wrong CT volume because of not proper
selection/setting of CT protocol

Cause

1.4. Export FB CT data to TPS

CT scan is not sent to TPS faczs

1.5. Virtual simulation & identification of
isocenter
Wrong identification of treatment isocenter

Cause

1.5. Virtual simulation & identification of
isocenter

Wrong tattoos position because of patient

Cause

1.5. Virtual simulation & identification of
isocenter use
Patient CT setup not documented

1.6. BH preparation

Wrong definition of gating window Cauze

1.7. CT system settings BH
Wrong CT volume because of not proper
selection/setting of CT protocol

1.8. BH CT execution
Not reproducible BH

Cause

Cause

¥ 25 ¥ items per page

SGRT DIBH Template

Effect view  Report

Edit failure mode

Description *

Patient CT setup not documented

Cause *

Workload

Step *

Virtual simulation & identification of isocenter

QO create new Effect

(O select an existing Effect

(@ None

Occurrence (O) Severity (S) * Detectability (D)

7 4 6

Suboptimal plan - 6.00 4.00 e (1) 5.00
Suboptimal plan - 5.00 5.00  p 1) 5.00

& % | b

@ Settings ¢ Cancel edit Export¥ [ Import

Clear filters Show all

Event rate
ity - neff Wt
RPN Y  (patients/y)
P 1y 175.00 002 [Jo ... *
& m 120.00 <0.01 D oy s
I ) 48.00 €0 Do ...
"III‘ m 120.00 <0.01 D Oy | ass
4 1) 144.00 €0 Do ..
4 1) 168.00 0os Do ...
& m 150.00 0.01 D O] =as
I (1) 120.00 020 Jo ..
& ) 125.00 <0.01 D 0| aea

1-130of 13 items
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13

¥ Show step details

SGRT DIBH Template

Process view Cost/benefit view Effect view Report
~ Change
Severity Occurrence
Sten / Failure Mode Cause Fffect a (S) a (0)

Naw Fallura MOdB Occurrence Severity of effect

Rank Pocc [%)* Qualitative description
Name *
This field is required. 1 0.01 No effect

2 0.02 Inconvenience
Cause *

3 0.05 Inconvenience

4 01 Minor dosimetric error
Step/Substep *

b 0.2 Limited toxicity or tumor underdose

6 05 Limited toxicity or tumor underdose
(O create new Effect

7 1 Potential serious toxicity or tumor underdose
O select an existing Effect 0 8 2 Potential serious toxicity or tumor underdose
(® None 5 - Possible very serious toxicity or tumor

underdose
10 100 Catastrophic

Occurrence (0) * Severity (S) * Detectability (D) *
Cancel | = Create
L)

Adapted from Hugq et al.: TG 100 report
*Probability that the failure mode occurs. Pocc=1% means it occurs on the average once every

100patients.

Detectability
DY &

Detectability

Pmiss [%)**

0.01
0.2

05

100

**Probability that the failure mode occurs and remain undetected. Pmiss=10% means that out of 100
failures. 90 are detected and 10 hit the patient.
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SGRT DIBH Template

Process view Cost/benefit view Effectview Report 2 23 | =3
wge ¥ Version1 = (® Release @ Settings ¢ Cancel edit Export¥ [@Import
Event rate
Severity - Occurrence - Detectability - neff Y
Status Y  Step/Failure mode Y Cause Effect Y| 3 ©) D) RPN Y  (patientsly)
isocenter ; . 6.00 s 4.00 pm 144.00
> | @ Wrong tattoos position because of patient R BTN R 6.00 & [O) 4 ) 0 [Jo ..
movement
1.5. Virtual simulation & identification of
v @ isocenter Cause not specified - 4.00 7.00 gy 6.00 s () 168.00 00s [Jo ..
Patient CT setup not documented
Cause Preventions Barriers
i Cause/lInitial prevention Pocc, i (%) 0i
)
:t Lapse, possibly due to heavy
i workload 1 7 V4
! Double check with 2 RTAs
)
Added preventions Pmiss (%)  Status Fixedcost(€)  Recurrentcost(§) Key/Note
No added preventions
Pocc (%) o
Mitigated Occurence 1 7.00
1.6. BH preparation . . 6.00 s 5.00 150.00
> @ Wrong definition of gating window Cause Suboptimal plan - .. 5.00 P (1) ZZTR)) 0.01 Do ..
1.7. CT system settings BH
> © Wrong CT volume because of not Cause Suboptimal plan .. 6.00 400 porr (1) 5.00  prrfq) 120.00 <00 [Jo ..
IRy ;
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¥ Show step details

iange | ¥ Version1 = @ Release

+ Failure mode

Severity v
Status Y  Step/Failure mode Y Cause Effect Y | 5
\PODSTithe ¢ o Cause Suboptimal plan = .. 6.00
movement
1.5. Virtual simulation & identification of
isocenter use not specified 4.00
Patient CT setup not documented
Cause  Preventions = Barriers
Initial barrier Pmiss, i (%) Di
Review patient record before
the patient leaves 5 6 Z
Added barriers Pmiss (%)  Status Fixed cost (€) Recurrent cost (€)  Key/Note
No added barrier
Pmiss (%) D
Mitigated Occurence 5 6.00
162 BH peeparaton Cause Suboptimal plan? .. 5.00

Wrong definition of gating window

1.7. CT system settings BH
Wrong CT volume because of not proper Cause Suboptimal plan .. 6.00
ealantinnioattina ~f OT nratanal

1 » ¥ 25 v items per page

SGRT DIBH Template

Process view  Cost/benefit view  Effect view  Report

& % | b

@) Settings ¢ Cancel edit Export¥ [ Import

Clear filters Show all

Event rate
neff N
Y (patients/y)
144.00 <001 [Jo .. °
168.00 00s [(Jo ...
150.00 001 (Jo ...
120.00 <001 o ...
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SGRT DIBH Dashboard

Show flowchart

Step € Order steps
> 1.CT simulation
> 2.Planning
> 3. Data transfer

> 4. Treatment

F R

(% of patients (step

B\ ™) [ o
100 1 13
100 1 9
100 1 17
100 1-20 9

Failure Modes

©

13 0
2 7
#->10
8 1

Event rate

Neff
(patients/y)

0.12

268+ 20.05

885> 0.04

0.06

Note

v

Expected event rate:

affected patients number per year is automatically evaluated

Npt/year x F x R x Pocc (O) x Pmiss (D)

ESTM@




SGRT DIBH Risk matrix

Set tolerances with a risk-matrix approach
Tollerance based on: Event rate
Occurrence and Detectability

General Tolerances Report  Version Management

Acceptance Criteria

Acceptance critena are used to determine whether the risk associated with a fallure mode Is acceptable. tolerable or not acceptable

© Event rate neff (patientssy] () Occurence x Detectability 4 Alternative, less realistic

Severity

25
20
Click into cells to toggle between
Eventrate g @ Accoptadie
lpatim Tolerable
ot/ - @ Not acceptable
5

S8ve acceptance criteria
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¥ Show step deteils

<+ Failure Mode

Causes and preventions for failure mode
Wrong absolute calibration of the LINAC

Cause

i Wrong use of dosimetric protocols; wr

P/" " ong use of instrumentation Poce, i (%)

Initial Preventions 5

2.1.Con —

Guidelir  training

2.1.Con

Guidelir  Agded Prevention Pmiss [%]

2.1.con

Wrong € jse of multiple dosimeters 4

21.Con

Guidelir Pocc (%]
Mitigated Occurmence

2.2.Trez &k 0.2

Wrong t

2.2.Treg

Wrong ¢ Close

2.2 Treatment planning Cause Wrong dose

Wrong absolute calibration of the LINAC

2.2.Treatment planning Cause Wrong dose distribution

Use of a wrong LINAC beam fitting

oi

Status

Potential

960 5.00

Definition of preventions

i

+ Prevention

10.00

500 P (2)
58

Detectability
(D) 4

4.00

6.00

6.00

2.00

5.00

14 (1)

14 (1)

14 (1)

A4 )

A4 ()

174 (2)

142

42

RPN 4

144.00

288.00

216.00

270.00

200.00

Event rate

neff

(patients/y)

<0.01

0.03

<0.01

0.01

<0.01

T




Definition of barriers

= Show step detalls

<+ Failure Mode

Step / Failure Mode 4

1] 2.1.Contouring (target and QAR)
Guidelines for OAR->PRV expansion are not followed

I
|

(] 2.1.Contouring (target and OAR)
Guidelines are not followed for OAR contouring

0 2.1.Contouring (target and OAR)
Wrong CTV->PTV expansion

Y] 2.1.Contouring (target and OAR)
Guidelines are not followed for CTV contouring

(] 2.2 Treatment planning
Wrong beam setting
I
|
! ) 2.2 Treatment planning
Wrong dose prescription
(1 2.2 Treatment planning

Wrong absolute calibration of the LINAC

2.2 Treatment planning
Use of a wrong LINAC beam fitting

Barriers for failure mode

Wrong absolute calibration of the LINAC

Initial Barriers
Double calculation review Pmiss, i (%) Df
50 g o
Added Barrier Prmiss (%] Status
Dosimetric Audit 2 Potential -
Priss [%5] o
Mitigated Detectability 2 0.00 4.00
Close
Cause Wrong dose 10.00 5.00 [ (2) fred (2)
o906
Cause Wrong dose distribution 10.00 5.17 P (2) 2.00 ()

RPN 4

144.00

288.00

216.00

270.00

200.00

Event rate

neff

(patients/y)

<0.01

0.03

<0.01

0.01

<0.01

1-\
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WA, WY
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P

B e

Cost-benefit analysis of mitigation actions

Drag a column header and drop it here to group by that column

Context

Step

22. Treatment planning

22. Treatment planning

22. Treatment planning

22. Treatment planning

22. Treatment planning

22_ Treatment planning

31. Export/import plan and body
contours to SGRT system [FB)

Failure Mode

Wrong absolute calibration of the
LINAC

Use of a wrong LINAC beam
fitting

Wrong dose prescription

Wrong dose prescription

Use of @ wrong LINAC beam
fitting

‘Wrong absolute calibration of the
LINAC

Wrong definition of ROI [FB} in
SGRT system

Effect

Wrong dose

Wrong dose distribution

Wrong dose

wrong dose

Wrong dose distribution

Wrong dose

Inconvenience

Mitigations

Description

Dosimetric Audit

Dosimetric audit

Verification of availability of
printed dose prescription

Printed form to confirm dose
prescription

pre-clinical dosimetric
verifications

Use of multiple dosimeters

Check settings before first
fraction

Type

Barrier

Barrier

Barrier

Prevention

Prevention

Prevention

Barrier

Status

Potential

Potential

Potential

Potential

Potential

Potential

Potential

Pmiss  }

2.00 %

2.00%

10.00 %

5.00 %

5.00 %

4.00 %

20.00%

Cosv/Benefit )
Benefit ., Fixedcost ,  RecurrentCt ,  Total @5y
Aneff [patientsty) © (€] e e
é 12 (" 5.000 1.000 10.00()
048 5.000 1.000 10.000
<001 1.000 1.000 6.000
<0.01 1.000 1.000 6.000
048 100,000 8.000 140.000
139 10.000 1.000 16.000
Y <001 \ 1.000 1.000 s.uouJ




SGRT DIBH Flowchart

Selected risk analysis: !

Hide Flowchart

Step

> 1.CT simulation
> 2. Planning

> 3. Data transfer

/
v 4, Treatment

\

4.1. Patient identification

4.2. Patient set up

4.3. DIBH instructions

4.5. BH radiation delivery

4.6. Reporting

4.4. X-ray target localization [e.g. kKV/MV por...

Change

~

¥ Show step details

Version:1 Change

w FLOWCHART SHAPES

Process

Predefin

ed..

Input/
Qutput

e

Database
Document Multiple
documentsi[
\__/—‘\
Manual
b Manual
i operation ; input

Preparati
on

w OTHER FLOWCHART SHAPES

Text

i Annotation :

}

Status: Pending Change

SGRT Breast BH v241022

B OC

S . L ExportSVG L Export PNG

‘@, | 888

@ Q Q3

Start of workflow
¢ with content
Create SGRT-friendly i o
4 Adgmll i i FMs: (=)
immonbilization 1. CT simulation Nn;f.;: 0_1;3 0®0
with content l
F:100% R:1
2. Planning Ms: @2 70
Neff: 281 0.05
with content i
F:100% R:1
3. Data transfer FMs: @17 0®0
Neff: 8-85 0.04
with content l
F:100% R:1-20
FMs: 8130
End of reatment 4. Treatment Neff: 0.10

course
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sub-Flowchart

\

Selected risk analysis:

Tho. MyQA PROactive

Hide Flowchart

Step

1. CT simulation

2. Planning

3. Data transfer

4. Treatment

4.2 Patient set up

4.3. DIBH instructions

4.4. X-ray target localization [e.g. KV/MV ports...

455 BH radiation delivery

4.6, Reporting

v Show step details

SGRT BreastBH  Version:1 = Change

w FLOWCHART SHAPES

- Predefin
Process ed..

<> (=)
e
]
|
documents]
Manual

Process view

SGRT BreastBH > 4. Treatment

B OC

LEGEND

Ist day only

Ist day & subsequent days

Text Annotation

P oo ——

Cost/benefit view

‘@, % 838

Effectview  Report

 ExportSVG b Export PNG  Return To Parent Flowchart

F:100% R:20

v

4. Patient identification | M= ©0 180
Neft: 0.01

F:100% R:20

4.2, Patient set up FHED20 000 | %,
F00% R:20

4.3. DIBH instructions FMsC1 0@0
Neff:0.02

F:
@3 000 -Set
Neft: <0.01 -Posture verification F8 with

according 10 sel
up with lasers

-Set up immabilization devices and other devices

~Fine-tune positioning set up With BH SGRT

F:00% R20

5. BH radiation s @1 000
—_— 4.5. BH radiation delivery REBI

F:100% R:20
s ©1000
Neff: 0.02




Fault Tree Analysis

o MYQA PROaCtive 1400

Selected risk analysis: SGRTBreastBH = Version:1 = Change

<+ Effect

Effect

5 View table

@

%° View graphs

A
LJd

S =]
‘Wrong dose distribution
Suboptimal plan
Inconvenience

Legal liability

Treatment not delivered accurately

Wrong volume

[not specified]

4

=

Processview Cost/benefitview  Effectview Report g .‘-:2% ‘ 3
3 Settings 2 Cancel edit % Export
L ExportsVG - Export PNG Tree for effect: Wrong dose B3
neff=1-46 <0.01

[Viong s |1

neff=0-84 <0.01

Al barriers fail ||l

neff=4-45 <0.01

All barriers fail

Pocc=5% 0.2% | Pmiss=29% | Pmiss=2% Pocc=0-2% 0.01% | Pmiss=5% | Pmiss=10%
Wrong absolute Daily desimetric Dosimetric Audit | - Plan review with Verification of
calibration of the check physician; review of availability of printed
patient record dose prescription

Pocc=56% 0.2%

¥ Show effect deteils

All preventions fail

Initial prevention
fails

: o | Pmiss=5%
Pocc, i=5% Pmiss=4% Printed form to
‘ Use of multiple confirm dose
dosimeters prescription

Wrong use of
dosimetric

of instrumentation

protocols; wrong use

No control of Check treatment
ini en ram; an
training treatment prog pl
deviations from
initial plan
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Report Generation

7he mMyQA PROactive

!'Version 1 (® Release

Selected risk analysis: SGRT Breast BH

Risk management plan R

5.

ult

Process view

Cost/benefit view

Effec

3 CONCLUSIONS

Conclisions

25 C

analysis of quality

2.5.1 Cost/benefit summary table

University linic of Bgsshaust Heng
®

(ogy department

ity tool

ik analysis for
ersion 123 | Re

2.4 FMEA table-failure modes details

ding to {g SulSeh, par 126.

University clinc of BosghaugiHe
Radiation oncol

ation oncology depart

Cost/benefit analysi:

= ts <

§z | 32| E2 | 22

&= | =8 | g8 | g3
50| so000| soo| 75000
s60| 200000 | 20000 300000
s76| 0000 30000 40000
02s| soo0| 15000 80000

ent modality

overcome the risk it poses.

ve would be love of the wrong thing; there is
Jhe darkness shall be the light, and the stillness

57/58

Sten/substen, Failure mads. Initial [ current
RPN | Risk RPN [ Risk  fition placed. (Many places may not use blocks +
[3.3] | Patient preparation for imaging Name of the failure mode. Usually it is concise, but we have verbose examples in literature: Blocks | 600 500 | Tel s HEN retreatments
session ( bladder/bowel) used in addition to MLC are not placed. o D TS
XTI ilized patient sstupon CT | Name of the fallure mode Usually it ic concice but we bave verbose examolecin litecature: Blocks | 599 499 [ Tol.
o place atthe
sk anal eatment performed according to 1g SSAL par- 126 University linic of Bgsghausi-Heng ocks | 598 398 | Tol 100 100 1000 140
Vers Radiation oncology depariment tthe time or
100
2 RESULTS ocks | 597 297 | Tol %
60| so| as0| 10| §
. ocks | 596 436 | Tol of the risk. e
2.1 Remarks of the risk management team:
Risks have been initially evaluated using a fault tree analysis, to quickly identify the failure modes which could lead to know severe adverse effect for the patients. ocks | 595 495 | Tol. ition o
Subsequently, the analysis have been refined with a FMECA analysis of the most risky process steps. . H&N retreatments.
ocks | 594 494 | Tol s o o [wn ek [F
1o DY par. 125, Universitycinic of Bpsbauet-Heng .
Radiaton pariment ocks | 593 293 | Tol.  [relaceatthe 2
0| so| ao| 10 &
t the time or &
1 RISK MANAGEMENT PLAN P e 2 [ e
s in various risk classes.
T nd active added mitigations) It of the
1.1 Team Members, roles and responsibilities 1 ocks | 591 491 | Tol - 40| ao| 10| o1
Dr. Francesca Cacgini, chief medical physicist (risk manager) 0 2 Ratialis
Dr. Wolfgang A. Mozart, radiation oncologist 0 B ocks | 590 490 | Tol.
Mrs. Fanny Mendelssohn, dosimetrist 0 6
Mr. Johannes Brahms, healthcare assistant 0 7
T Reiy Bt BT 2 = ocks | 589 489 | Tol
Mrs. Barbara Strozzi, administrative assistant 0 1
o 31 ocks | 588 488 | Tol i
% a1 25/58
9 L ocks | 587 487 | Tol.
sk analysis University cliiic of Postbaiser-Heng o 16 g
Radiation ancology department o 2
Cantrum 10 0 169 ocks | 586 486 | Tol Status:
153 Basthauer-Heng 4
Wanaging director: Mr. L v. Beethoven Rel .
e ocks | 585 485 | Tol by:
d on:
Next review due by:
6/58

Risk analysis for radiation therapy new treatment performed
according to regulation xyz no. 12 par. 126.

Analyzed process:

Release of narmo-fractionated radiotherapy treatments,
Treatrment unit; ELEKTA Versa HD.

TPS: Monaca

REV systeny MOSAIG

Version 123 | Released
Dr, Francesta Cageini, chief medical physicist
282022

Next review due by 2.8.2025

Risk analysis URL

Version 1 | Pending
nfa
n/a
n/a

ESTM@




Conclusions

myQA PROactive SW for risk management allows:

» Efficient FMEA analysis
» Agile FMEA analysis review
» Facilitates periodic updating of FMEA analysis

» Comparison of risk reduction measures through
cost/benefit analyses

» Documentation of the risk analysis
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