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Case Study
Error and Design



The lethal overdose of Lisa Norris
January 2006

Beatson Oncology Center, Glasgow,
Scotland
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Clinical Background

Lisa Norris. 15 yo female with
pineoblastoma.

Sept 2005 referred for
radiotherapy.

Intended prescription:
« 1.75 Gy x 20 (35 Gy) to whole craniospinal axis
« Spine fields split (upper and lower)
* Followed by 1.8 Gy x 11 (19.8 Gy) to tumor bed

Planning begins Dec 16. Complete Dec 19.



Background: Planning System

« May 2005. Clinic upgrades to Varis 7. Allow direct
transfer of plan Eclipse->Varis RTChart module
(previously typed in by hand)

« Use of paper forms was retained for some of the more
complex cases (e.g. ‘whole CNS’)



Planning for Lisa Norris

 Rx entered in RTChart
* Treatment planning complete in Eclipse

* “Planner B” transcribes dose to paper form.



Treatment Plan:

Annex 2: A blank copy of the first page of Medulla Planning FM.14.014 as
used for Lisa Norris’s treatment plan

BEATSON ONCOLOGY CENTRE - QA CONTROLLED DOCUMENT

MEDULLA PLANNING FORM FML.14.014
TWO SPINE FIELDS

Head fields 1socentric: asym.metric jaws; customised shielding trays

270°
Beam Modifier W Shielding block Wax
oy tray code = compensaror (a). | compensator (b).

tray code 17 tray code 17

Beam W elohl(°o) 100% (a) 100% (b)

MU calc

Beam Weight (%) 100% (a)

Output
(MU/100¢GY)

T T Planner B entered

Information spinal cord: .....% | spinal cord: ._.... %

T MU per 167 cGy instead of
| Date: 11898 |

MU per 100 cGy



Treatment Plan: MU calc

Plan checked by two senior planners.

Plan goes on to radiographer.

Following standard calc procedure:
Output (MU/100cGy) x Rx (175 cGy) = 159 MU
Should have been 94.5 MU

Treatment starts January 5.
Dose/fraction = 2.92 Gy instead of 1.75 Gy



Finding the Error

Feb 1, 2006. Another case is planned by Planner B.
Same normalization error made.

Caught by Plan Checker D.

Realize the mistake in Lisa Norris’ plan.

Treatment stopped immediately.



Follow Up

 Lisa Norris received 19 fractions
« 292 Gy x 19 = 55.5 Gy
* vs. intended 1.75 Gy x 20 = 35 Gy

 58% overdose



Follow Up

 Lisa Norris died nine months later




Stopping Errors
Quality Control



Stopping Errors

A traditionalist approach

Plan

Detection
(QA)



Risk ala TG-100 and FMEA

>

<
AQ

Occurrence

Risk=SxOxD

o

Detectability

AAPM Task Group 100, Huq et al. 2016



“Mock” plan with embedded errors

® MOSAIQ - University of Washington - Rad Onc | - [&] x|

File Schedule eChart Tools CodeMgmt Window Help anan‘OIqa(‘)f

% Dicg =N

L= Select

= Level: |Order Set v e c Schedule Hel Patier
Radiation |Medica||5u,gery | General | Admin | rder Se Close hedule U Clinic Schedule  Help
dd Allergies Edit ®

7~Dx: *Brain and spinal Diagnosis
=-@yRadiation Oncology Course: 1
3 3000cGy@ 300c Care Plan

Order Set
m Alergies/Alerts @ Pt. Schedule Surgery/Biopsies

(¥) || Document Viewer - ZZPLANCHECK, 01 - ZOPLANO1 - 10/20/2015 - - Plan Document - Pending
Open... ~ % ), h, 8

# ZoomIn ~| 1]

SS0C. Assoc. Name

AP Iso

Whole Brain
Vl?’eznnutanuns & Geometry Prescribe 300 cGy per fraction to 100 % of point dose at "Iso" for 10 fractior
Beam weights are proportional to point dose.
Actual point dose at "Iso" from all prescriptions/beams is 2999.75 cGy.
2 beams are assigned to this prescription.

Image

Filter: [N -

¥ Use for Tx Definition

Review Status
& Final ¢ Optional

r— | Positi

« ¢ Not Reviewed

« & Not Required . . . .

r ‘ No up/down adjustment is required.

Isocenter: End Change Request Status in/out table adjustment is requig
- Request Complete -

(Repoxt~2 o [ >'a/Lasey Movements) Field: I~ r

Lase. 0.13cm RIGHT ‘looking from foot of table) Block: I r f00in <]

Las(y 2.42c¢m DOWN Other: I~ r

Tabl. 8.92¢m IN (t-saru the gan Redmage: [~

.. A A . A:._.. sminis wZ.. &0 —io_

p0161728_616.pdf

Error: incorrect isocenter location



Results: Mock Plan Error Checks

100 -
90 -
80 -
70 ~
60 -
50 +
40 -
30 +
20 +
10 -

® Not found
® Found

Percent

All errors Plan not Incorrect CT
matching Rx

Gopan, Ford et al. 2017



Quality Control Using Checks: TG-100

Key item for QC

k of

Key item for QA
standd
procedure:

Key item for commissing
Hardware failure
(Defective
materiats/tools/
equipment)

Inadequate design
specification

Inadequate
programming

Dosimetrist, MD
Human failure

Wrong or very pretreatment
review failure
contour review
failure
(Inadequate
assessmant of

wrong dose,
dose =
>3"sigma error
operational
capabilities)

Key item for facility managerial changes

MD peer

distribution,
location or
volume due to
RTP Anatomy
failure

Errorin
delineating
GTVICTV (MD)

and other
structures for
planning and

optimization

contouring errors

wrong organ,
wrong site, wrong
expansions (1)

a

Excessive
delineation errors
resulting in <3*
sigma
segmentation
Errors (2)

Other potential

Human failure
(Inattention)

Human fallure
(Failure 1o review
work)

failures

Lack of stall
(Rushed process,
lack of time,
fatigue)

Auto vs. MD
contour check fails

AAPM Task Group 100, Huq et al. 2016




Risk ala TG-100 and FMEA

S
-

Detectability

DESIGN
Risk=SxOxD

AAPM Task Group 100, Huq et al. 2016



Percent of Events

100% ~
90% -
80% H
70% A
60% -
50% A
40% -
30% -
20% A
10% ~

0% -

Causal Factors Analysis

Spraker et al. Prac Rad Onc, 2017



Could the process / form be
Annex 2: A blank copy of the first page of Medulla Planning FM.14.014 as deSigned to prevent error

used for Lisa Norris’s treatment plan

BEATSON ONCOLOGY CENTRE - QA CONTROLLED DOCUMENT f rom h a p p en | N g | N th e f | rSt

MEDULLA PLANNING FORM FML.14.014

TWO SPINE FIELDS p I a C e f?

Head fields 1socentric: asymmetric jaws; customised shielding trays

I . Beam Weight (%) 100% (a)

Collimators

" | | Quiput
GOl | Shiclding block (.\ﬂ'IOOcG\)

tray code = compensator (a). | compensator (b).
tray code 17 tray code 17

Beam Weight (¢

Output
(MU/100¢GY)
Daose T.AD. mid bramm = 100%
Information spinal cord: ......% | spinal cord: ...... %

Normalisation =

100

max subcut: .....% | max subcut: ....%



Data-driven design



ROe°

RADIATION ONCOLOGY
INCIDENT LEARNING SYSTEM

Sponsored by ASTRO and AAPM

The RO-ILS mussion 1s to facilitate safer and
higher quality care in radiation oncology by
providing a mechanism for shared learning
In a secure and non-punitive environment.

Launched: June 2014
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® Not found
® Found

All errors Plan not Incorrect
matching CT
Rx

» CTin TPS and isocenters



CT import window

Plans

PELVISF Primary Image Set
; 504, 58, 2013-09- S o 5004, 56, 2013-09-

Images for -

#
Image Name hodality MRBN Study 1D Images Scan Date/Time Series Description
5018 3 2013-12- POST SEED IMPLANT AXIALS

7
5004 58 2013-08- PELVIS PUBIC ARCH

Multiple CT scans

Image Name: Image Name
Scanner Type: DICOM3File =1
Add... b Delete... Concat... Export... Auto-Seg...

Image set is either used by a plan or selected for concatenation and cannot be deleted or overwritten.

Dismiss




an document

Patient Name:
Patient ID:
Plan Name: L5-S2
Trial Name: |
Revision:
Lock Status:

Approved
R04.P03.D03
The plan was locked by’

"Time: 2013-08
Comment:

Institution: UWMC Pin_9.0
Physician/Physicist: I
Planner: R

Plan Setup

Primary Data Set Name:
Primary Data Set Dimensions:
CT to Density Table Name:

Patient Position:
Couch:
Body Board Angle:

Number of Photon Beams:
Number of Stereo Beams:
Number of Electron Beams:

Number of Brachy Sources:

Outside—Patient Air Threshold:

Lateral
0.400
119

-23.415
-0.00

Resolution
Dimension
Origin
Reference Point

Top Slice of CT Extended:
Bottom Slice of CT Extended:

232 slices, 512 x 512 pixels
CT Sim Aug05

On back (supine)
Removed at Y =-10.29
None

0.60 g/cm”3

Dose Grid Geometry
0.400
97
-22.922

4.61

0.00 cm
0.00 cm

Region of Interest Density Overrides:

< PT firstname,
lastname

Head First

Sup—Inf Units
0.400 cm
109 Pixels
—18.840 cm
0.00 cm




Failure Modes

1.Wrong CT scan loaded into TPS



Isocenter Handling

N PI
(crom ]—Q (P oo |
Y

[ MD reset ]—[ Handoff ]—




Failure Modes

1.Wrong CT scan loaded into TPS

2. Ilsocenter move after sim not
communicated



ge Raystaton 6 e Commissioning
Automated Planning

Patient Data Management | Patient Modeling Plan Di Plan Optimi

Plan Evaluation QA Preparation Treatment Adaptation

Image Registration

Deformable Reg

stration

[E test-plan # test-plan

ructure Definition

Select = NewROI _ v
layout geometry

Plan Dose

, op

. ROI + Matl 2 2D

4" simplify contours

22 Remove holes v

- Wy
v Organs at risk (39) “

g @ 32

i e - Clinical: Collapsed Cone v3.4
% of 3000 cGy
I Couch Artifact Overii of 3000 cGy

% of 3000 cGy
160

180
120
108

i . 95
1

W Couch Core
B Couch Shell
M Couch Rails
| |

Duodenum

A

o
&

90

&

o
=}

Bowel
M Stomach

© W Lver
B Kidneys

Kidney_L i MainWindow —
M Kidney R

383
i

oo @
&

o

Plan dose: test-plan (CT 1)

Spleen Clinical: Collapsed Cone v3.4

3000 cGy
150
120
105

Spinal_Cord Simulation Navigator
M Fiduciall

W Fiducial2 Patient name: | (.

Fiducial3

Fiducial4
GTV .

©
M PTV_3300 + S

leri tup Not Mos Generic CT bl cm
B TViexp [[] Vverified setup Notes in Mosaiq o

Patient Setup

Orientation

«

)

PTV_4000 [[] Breath hola

Visualizatiol

Bowel_03
M Duodenum_03 Isocenter Info
M Stomach_03 How did you mark the patient at sim:
PTV40
W PTV33

Create new material...

ROI/POI details

ype here to search

[}

) B s 0@ ¥ 8 @ ~onao ] o




@ — ﬂ‘ﬁ MainWindow

op
LA

ROI

Simulation Navigator

v Organs at risk (39)

W Couch Artifact ( p . .

B CouehCore atient name: NN
B Couch Shell

M Couch Rails

Bl Duodenum

T Patient Setup

W Liver

M Kidneys O'le'\t3tlon

[GLEE
M Kidney R

Spleen | ] Verified setup Notes in Mosaiq
Spinal_Cord
iducial — ' .4
;dumal; B'GB:h rc c

Fiducial3

<
&
IS
B
=
S
3

A

Fiducial4
GTV

v 3300 Isocenter Info
TViexp
PTV_4000 How did you mark the patient at sim:

Bowel_03

Duodenum_03 .
Stomach_03 |SO marked at Slm

CT origin set at sim

Used existing marks

Create new mat

ROI/POI det:

o Type here to s




Conclusions & Future Directions



Further reading
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