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Overview

O

e Sources of uncertainty in SRS

o Geometric uncertainties

e End-to-end testing I E
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Uncertainties in SRS

O

Table 7.1 Estimated uncertainties in intracranial SRS deliveries in
terms of a peripheral isodose surface conforming to a clinically defined
target surface

Sougce ofertors 7= S{-andg:;cl deviation (mm)
,/’/l—maging studies (resolution and distortions) 0.5-1.5 \“\\
(\ Mechanical alignment and setup errors 0.3-1.0 ,,'
\\'Ei;;ggc!targcl motion 0.5~ I_.O,,—*/
Trcala;c?ﬁfﬁrmnﬁ'ng- ------------------- 05-1.0
Overall (quadrature) 1.3-2.2

Overall procedural accuracy with modern equipment / techniques can be
conservatively estimated to be less than 1 — 2 mm, or better

Chin, L.S., and Regine, W.F. (2015). Principles and Practice
of Stereotactic Radiosurgery (2" Edition). Springer.
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Geometric Uncertainties in SRS

O

e Most centresuse 0 —1 mm PTV

» Residual geometric uncertainties (assuming pre-
treatment IGRT) can be divided into two main sources:

o Intra-fraction motion
= Correctable with IGRT between treatment fields

o Mechanical / process systematic errors
=~Need to minimise




CT & MR Imaging

Major sources of uncertainty
Intrinsic to all SRS units

Slice thickness / image resolution /
spatial distortions / slice position
error

Image co-registration errors
Automatic image registration?
Inter-observer error?

How to deal with multiple targets?

Are the errors detectable / X
correctable? (&) IAEA



Target Outlining

Figure 2 The coronal (left) and coronal (right) images with the ERG max GTV (dark green), ERG min GTV (light green) and
the submitted GTV (orange)

Report of Outlining Benchmark Cases for the NHS England AY1AEA
SRS/SRT commissioning programme, RTTQA, 2016 "4 Iniornationsl Atomic Eneray Agency



Isocentre

O

Several isocentres that need to be aligned:

o Mechanical © Radiation
= Gantry = Gantry (energy specific)
= Couch = Collimator (energy specific)
= Collimator

o kV isocentre (CBCT and planar imaging)

o 3" party imaging e.g. ExacTrac, AlignRT




Isocentre

O

* |deally: a point in space

e Reality: sphere or ellipsoid

* Which isocentre are the lasers aligned to?
e Optimise to energy used for SRS

 Test multiple isocentres at once (examples to follow)




Radiation vs. Mechanical Gantry




MV vs. kV — Varian Isocal

O

e Radiographically determines:

o MV treatment isocentre vs. phantom
(lasers)

o MV treatment isocentre vs. MV and
KV imaging panels

e Corrects MV-kV misalignment

e Tolerance for re-calibration
+ 0.3 mm (TrueBeam / Edge)




Tool  Wiew  About

“ E’ ‘4 5'"3! ‘f" A E 1_9'** ;/?f @ Collimator

MY Coll 0-4_1_24 - 26/06/2012 15:38 - Collimator Rotation: 0.0 deg My Coll 195-5 1 - 26/06/2012 15:37 - Collimator Rotation: 195.0 deg

MY Coll 90-6_1_2 - 26/06/2012 15:39 - Collimator Rotation: 90.0 deg [ MY Coll 270-7_1_ - 26/06/2012 15:37 - Collimator Rotation: 270.0 deqg

All units according IECE1217 scale.
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Tool  Miew  About
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MY Rtn315-10_1_ - 26/06,/2012 15:11 - Source Rotation: 315deg-8/ 8

All units according IECE1217 scale.
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Verification of Isocenter Calibration is ok.

MV Imager Shifts kW Imager Shifts
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Winston-Lutz Test

O

e Acquire MV / kV images of ball
bearing at various collimator, gantry
and couch angles (MLC or cones)

» Check distance: centre of ball bearing
to centre of field

e <0.5 mm achievable on stereotactic
linacs

» Determine necessary frequency in
own centre. For relocatable
collimators: every SRS treatment day
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Determine residual uncertainty for
Immobilisation with a specific IGRT strategy

Frameless stereotaxis inherently image-
guided

Ideally verify after shifts — residual error?

Tolerance for applying shifts?




End-to-End Localization Accuracy

O

e The whole treatment chain, from imaging to treatment,
should be tested in an end-to-end manner

o At acceptance, commissioning and periodically as part of
the SRS QA programme

» |deally a hidden target test with an anthropomorphic
phantom — phantom should follow the entire patient
pathway




End-to-End Localization Accuracy

O

Don’t assume the manufacturer has tested this!

FIELD SAFETY NOTICE / PRODUCT NOTIFICATION

Subject: iPlan RT Radiation Treatment Planning Software: Potentially incorrect
patient positioning when using multiple localized CT image data sets.

Product Reference: iPlan RT /iPlan RT Dose (all versions)

Date of Notification: November 19, 2014

Individual Notifying: Markus Hofmann, MDR & Vigilance Manager

Brainlab Identifier: CAPA-20141112-001173

Type of action: Advice regarding use of device; Device modification.

We are writing to advise you @I potentially incorrect patient positioning 3t the linear accelerator (linac)
when using iPlan RT treatmen ning multi i scans under specific

circumstances.

Each centre must verify for themselves




End-to-End Localization Accuracy




summary

O

e There are many sources of geometric uncertainty in SRS

e Important to characterise the uncertainties, and
minimise where possible

e Be aware of sources of error that aren’t detectable /
correctable

e End-to-end testing is essential




Any Questions?
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