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J Agence frangaise de sécurité sonitaire
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1H€  Darid e 18 décembre 2007

DEP-DIS-N°® 752-2007
Affaire suivie par: David KREMBEL Mosticur le Directeur Général
Té : 0140178844 de PInstitut de Radioprotection

Fax : 0140198770 Sean et de|Sdreté Nucléaire
Mel : Davidkrembel@asn.fr

Objet : mesure des faisceaux de rayons X de trés petites dimensions utilisés en radiothérapie stéréotaxique
Réf . [1] Votre transmission TRSN /DIR /2007-581 du 16 octobre 2007
Rapport d’expertise DRPH /20(7-04
[2] Satsine ASN DEP-DIS-N®0360-2007 du 26 juin 2007

Code Urgence Importance : A

Dans le rapport annexé 4 votre avis rappelé en référence [1] transmis en réponse i la saisine [2], vous avez
notammernt recommandé la suspension de Putilisation des collimateurs coniques de diamétres 4 mm pour les
applications de radiothérapie stéréotaxiques, tant que des protocoles standardisés d'étalonnage n'auront pas été
validés au niveau national, voire international.

Il est bien noté que cette recommandation a été établie 4 partir de votre expertise portant sur le collimateur
conique de 4 mm équipant I'accélérateur Novalis utilisé par le CHU de Toulouse. Ce collimareur nest plus utilisé
i ce jour. Par ailleurs, le centre René Ganducheau de Nantes, seul autre centre francais 4 utiliser un accélérateur
Nowalis, n'a jamais utilisé ce dispositif.

Compte tenu du domaine concemné {recommandation relative a un dispositif médical), voire avis a &té
communiqué a I"Afssaps.

Une réunion a rassemblé I'Afssaps, 'TRSN et 'ASN le 13 décembre 2007.

Comme suites aux échanges tenus lors de cette réunion, nous vous confirmons que nous souhaitons que PIRSN
établisse un protocole national d’étalonnage des microfaisceaux, en lien notamment avec des experts de la SFPM
et de la SFRO.

Par milleurs, je souhaite que soient précisés les risques pour les patients traités actuellement par les autres centres
de radiothérapie utilisant des technologies comparables (accélérateurs avec collimateurs micro-multilames,
gamma-knife, cyber-knife,.. ).

Le Directenr génépil de PASN, Le Directeur général de PAFSSAPS,
S S
Jean Stoplie Niel Jean Marimbert

Copie externe : M. le Professeur GOURMELON IRSN/DRPH

IRSH 19-12/07 01760

IRS[ #  $%s % %

! ) & 2 ( 9 99 2,



' 5C

" % %3
't % % % 3 3%

IRS[I # $ %S 0% %
! )y & 2 ( 9 99 2;



Working Instruction WOl 10-26

Beam Measurement Revision 6
Pencil Beam (Novalis) page 1 of 10

i
i
il
u"l

$ Braint

|
ﬁ

1 Purpose

Acquisition of beam data for the Novalis suitable for Treatment Planning with the BrainSCAN dose algonthm
Pencil Beam.

2 Scope

This working instruction is valid for ail Brainl AB Support Engineers.

3 Definitions and Abbreviations

BPE- Bearn Profile Editor

mMLC: micro Muli Leal Collimator (Novalis m3)
NLOUT: Nominal Linac Output

PBA:  Pencil Beam Algorithm

PDD:  Percentage Depth-Dose;

RFS:  Radial Factors

SEC:  Source Function Correction

SiD: Soarce Isocenter Distance

55D Source Surface Distance

TMR:  Tissue Maximum Ratio

4 Equipment

-
=
=
-
=
=
=
i
=
=

The following equipment is needed to perform the minimum set of measurements:
e matarized water tank with at least 30x30 cm’ base area and a depth of at least 40 cm
« large detector: jonization chamber 0.125 cm” or 0.3 cm” (needs to be calibrated for NLOUT
measurement)
= medium size detector: pinpoint max. 0.03 cm®
= small detector: either a diode or a diamond detector
e Fxcel Template provided by Brainl AB

The following equipment is needed for dynamic IMRT installations:
e dynamic mMLC files "M3 1.d01", "M3_5.d07%, ... ,"M3_100.d01"

Originated: Approved: Released:
| March 19, 2004 March 19, 2004 April 05, 2004
Vath Albert Stephan Frohlich Thomas Halbwirth
Software Engineer RT Division Birector RT Technical Support Coordinator
IRSE] # S%S % %
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5 Checklist
Section | Task Equipment crucial | Done
6.3.1 | Nominal Linac Quiput (NLOUT) | calibrated jonization chamber | yes
6.3.2 Leakane for o open and closed primary jaws calibrated ionization chamber yes B
| EnerniOUT | Exceltemplate | yes
Enter Leakage values . Excel template  yes -
| Enter Sgﬂ__qqg__mmm Dﬂpl‘h | [xeel template yes
6.3.3 TMR or PDD il small detector yes
Jawr and mMLE field
6=, 12x12, 18=18, 42x42, 60=60, 80=80,
100100 [mm?] | | — -
= | import TMR or F PDD values Excel template _ yes B
% 6.3.4 Scaner Factors medium size detector yes
- Jaw field
% fix6, 12x12, 18«18, 42=4Z, 60=60, B0=80, !
' 100100 [rm?|
= mMLC field
o Bxh, 12¢12, 18x18, 24x24, 30x30, 36x36, 42x42,
= 6060, 8080, 100100 [mm?] T a——— _—
% B Import Scatter Factors Excel template ¥LS
== |635 | Diagonal Radial Profiles | medium size detector yes
% Jaw and mMLC field set Lo 100x100 mm®
L= depths: 5, 14, 25, 50, 100, 200, 350,... [mm] - B
= Import Diagonal Radial Factors i Excel template yes
6.4.1 Dynamic Leaf Shift | large detactor dyn.
gap size: 1, 5, 10, 20, 50, 100 [mm)] IMRT
= B only
Calculate Dynamic Leaf Shift Excel Template dyn.
and enter into Beam Profile IMRT
=2 only
Prepare Beam Profile Beam Profile Editor yes
Enter Identifier, Energy, NLOUT, norm. Depth,
55D and Leakage
Paste TMR or PDD, Scatter and Radial Factors o
6.5 Enter default values for SFC and Radiologic Field Beam Profile Editor yes
Correcton : B _ - ]
Transfer data to BrainLAB support yeS
either your local support engineer or send the data
to support@brainlab.com R | R (VS .
IRSOI # %S $% %
! ) & 2 ( 9 99 2;
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Pencil Beam (Novalis) page 3 of 10

6 Instructions

6.1 introduction

Ihe following document describes the measurements that are needed as input data for the Fencil Beam
Algorithm (PBA).

Iviinimum measurement requirements for all erergies are (Section 6.3):
= Nomnal Linac Output (NLOUT} for a field of 100x100 mm’
= |eakage for open and closed primary jaws
TMR/POD for 7 jaw settings with mMLC aperture equal to jaw aperture
Scatter Factors for 7 jaw settings and 10 mMLG square fields, pach
Radial Profiles in diagonal direction for a 100« 100 mm? field in 7 depths (1o be converted to Radial Factors
at BrainLAB HQ)
= Dynamic leaf shift {dynamic IMRT installations, only}

For the measurcments a water-phantom of XY=/ = 30cnme<30cme-40cm is necessary. The beam axis must be
vertical, i.e. onthogonal to the water-surface, which should be roughly in T m distance from the acceleratos
source. The highest spatial resolution is needed in the vertical direction for the TR

All data has to be entered or copied into the Beam Profile Cditor.

Please note, that some additional profile measurements are recommended in the BrainSCAN Software Guide
(Appendix D: Pencil Beam Dose Algorithm, Section: Validation). The profiles are intended 1o be compared with
BrainSCAN dose export by the responsible physicist after completion of the beam profile, In order to avoid
repeated setup ol the water phantom, the measurements may be performed together with the beam profile
data.

6.2 Important notes

e Make sure, that the jaw aperture never exceeds 100x100 mm’!

= The accuracy of the BrainSCAN Pencil Beam dose algorithm is directly dependent on the accuracy and the
range of the beam data measurement. It has to be assured that the beam data measurement covers the
range of field sizes that will be used in later reatment planning. This affects the measurement of the scatter
factors, the radial profiles and the PDDs/TMRs.

= For IMRT fields, the refevant field size for the dose algorithm is the one of the corresponding conformal
beam and not the field sizes of the subsegments of a beam.

+  The number of measurements specified below is completely sufficient for the PBA. I you really want to
improve accuracy, perform the measurements with extreme care, repeat them, select the best ones (i.e.
owest noise) and average them. Finer steps in field-size, depth- or radial direction, although not prohibited,
will not increase dose accuracy.

IRSOI
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6.3 Measurements for ail instaliations

6.3.1 Measurement of Nominal Linac Outped

Use a calibrated detector. This is the only measurement giving an absolute dose value. All the other
measurements are relative ones.
T
e Setup the water phantom, with the isocenter at water surface level (350=SI0=1000 mm). Adjust the =
center of the active detector volume to coincide with the isocenter (level of water surface) and mark this as
depth zero (Figure 1)/
s Move the detector to a depth of 50 mm.
= Set the mMLC square field size and the jaw aperture 10 100=100 mm’.
o  Deliver at least 300 MU. The result has to be in Gray (Gy) (electrometer readings. have o be converted).
« FEnter the measured value inta the field Properties- = General Settings- = Pancil Beam- = "Nominal LINAG
Output” together with the "Normalization Depth” of 50 mm and the "Source Surface Distance” of 100 cm.
Remark: It is also possible to use other settings than $50=1000 mm and the normalization depth of 50 mm.
Especially far higher energies, a larger depth {i. . 100 mm) may be useful. But all the measurements for NLOUT,
leakage, PDD, radial factors in POD approach and scatier factors have to be done with the same S50, All the
measurements for NLOUT. leakage and scatter factors have to be done at the same depth.
i

e 1
=, i 1

Isocenter

Phantom

Figure 1: Setup of water phantom and delector for the measurement of the Nominal LINAC Outpul The water
surface is adjusted at isocenter depth (S50 = SID) and the center of the active detector volume is set at the
isocenter (Setup position, depth = 0 mm). For measurement, the detector is moved vertically down to a depth
of 50 mam (Measurement).
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6.3.2 Background leakage for open amd closed jaws
For the background leakage the setup is identical to the NLOUT measurement. If the same calibrated detector as
for NLOUT is used (recommended!) the NLOUT can be used as reference value, Otherwise the NLOUT
measurement has to be repeated with the new sensaor to obtain the reference value for the leakage. If the LINAC
does not allow an asymmetnic setting of the closed jaws, the detector can be maved honzontally in x- and y-
directions by 20 mm. In this case the reference value has to be measured al the new posilion using a sguare
field jaw- and mMLC-aperture of 100 x 100 mm®.

= Leave the primary jaws open at 100:<100 mm?®.
= Close the mMLC leaves (asymmetric; the intra-leaf gap should be 50 mm off the 1socenter).
Deliver at least 300 MU.
Close the primary jaws, too (also asymmetric). Repeat the measurement.
Enter the dose fractions (relative to NLOUT) in the fields Properties- = Pencil Beam Related Properties-
=Muitileaf Background Leakage-"Leakage for Open Jaws” and "Leakage for Closed Jawrs".

£.3.3 Measurement of PROVTVIE

Either PDD {percentace depth dose), where the water phantom is fixed and the detector moves along the beam
axis or TMR (tissue maximum ratio), where detector is fixed at isocenter and the water surface moves
vertically, can be measured. The kind of data entered in the table has to be set using the "Values are .." - "TMR"
or "PODY huttons. See figure 2 for iustration.

Use a detector with a small active volume to get high spatial resolution, If a diamond detector is used, the
vrientation of the diamond disk should be horizontal to get the highest resolution in vertical direchion. Recalibrate
xlyli-coordinates of the water phantom, when changing the detector. The following steps describe the
measurement of PDD values.

= Setup the water phantom in the same way as for the NLOUT measurement {isocenter at water surface
level: SSR=SID="1000 mm),

= Move the jaws as well as the mMLC leaves to form square fields. mMLC and jaw aperture must be equall
The following standard field sizes have to be used for TMR/PDD measurements: 6x6, 12212, 18«18, 4242,
6060, 8080, 100100 [mm?].

= |Ise the water phantom software to measure in depths from ( to the desired depth. Use a step size of Tmm
for 0 - 50 mim depth and a step size of 5 mm for higher depths.

= |t is recommended to move the detector from the bottom upward to avoid errors dus to the bending of the
weater surface (capillary effects).

= Take care to measure up to a depth that is equivalent or greater than the maximom depth needed inside the
pabients body. For cranial treatments 250 mim might be enough, for extracramal cases a range of up to
500 mm or more has to be covered.

= [Due to the cearance of your LINAC it will not be possible to measure TMR up to a depth of 300 or 350 mm.
If such depths are necessary you have to measure PDD.

e TMR/PDD values can be normalized arbitrarily.
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PDD approach
S eSS e
i 7
; ¢
; —— ]

Delector ™ - : {{}D

N RSy R e -----------_—'-‘:::»----h--; -----------

R L et
i
|
|

Phantom

Figure 2: Setup of water phantom and detector for measuring PDD and TMR. In the PDD approach (left sketch),
the S50 is fixed and the detector moves vertically along the central heam axis for PDD measurement. Radial
factors arc measured by moving the detector honzontally in each depth in a diagonal direction with respect to
the jaw field. In the TMR approach (right sketch), the detector is fixed at isocenter depth and the TMRs are
measured by varying the water level. The RFS are measured in the horizontal isocenter plane in a diagonal
direction with respect to the jaw field.

=5

UNCONTROLLED [NFORMATION IF MOT READ ONLINE

6.3.4 Measurement of Scaiter Facters e 3

The scatter-factors provide information relative to the nominal Linac output. In the Beam Profile Editor the data
can be entered arbitrarily nomalized.

e The measurement must be performed al the same depth and with the same S50 as for the nominal Linac
output measurement (50 mm depth, S50 =1000 mm),

e The scatter factors must be measured for a mainx of combinations of square miLC fiekds times square
Jjaw-setlings (Figure 3).

= Measure for jaw square field sizes of Gxb, 12x12, 18«18, 42x42, 6060, B0=80, 100100 from].

= Measure with mMLC square field sizes of: : 6x6, 1212, 18218, 2424, 30=30, 3636, 4242, 6060,

8080, 100100 [mm?}

it is important to measure the fields exactly as indicated.

It is important to measure all scatter factors where the mMLC size is smaller or equal to the jaw field size

{see figure 3, gray fields). If you are sure that the jaw sizes always exceed the mMLC sizes, the scatter

factors where mMLC size 1s larger than jaw size may be sel equal to the value where mMLC and jaw size

are equal {see figure 3, white fields). In any case, the complete matrix of scatter factors has to be copied to

the beam profile editor and no zero values have to remain.
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e Note: For the mMLC you can open only 2, 4, 6. leaves, 1.e. there 1s no different choice for the size of the
squares (excepl for adding more sguare fields o the list above).

JAW SETTINGS, mm

mvLE fGxE 12x12 | 18278 | 42x42 | G0x 60 | 80 x B0 [100 x 100
SOUARE
FIELD 5IZES,
|

66 | 0605
2xz | 0605 |
18x18 (605 ;
2424 | 0605
| 30x30 | 08605
[ 26x36 | 0.605 :
42047 (L605 I].\ J\ﬁ'fﬂﬂ kR 0.894 < Dagt
O B0xG0 | 0605 | 0746 | 0796 | 0.888 [, 0831 |0

BOXBO | 0.605 | 0.756 | 0796 | 0.888 | 0.931 | 0869 | 0.87
T100x100 | 0.605 | 0756 | 0.796 | 0888 | 0931 | 0.969 |

Figure 3: Example for the table of measured scatler factors. [ark gray hields have to be measured in all cases,
White values should be measured, if you plan to use jaw fields which are smaller than mMLC fields, If you do
not plan o do so, white fields can be continued using the last measured value in each column, i.e. for a jaw size
of 60 x 60 mm?® you can take the value of the 60 x 60 mm? mMLC field and copy it downward to all fields for
larger mMLL fields.

UKCONTROLLED RIFORIMATION IF Mo READ ONUNE
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6.3.5 Measurement of Diagonal Radial Profiles (Mot suited to be entered into BPE directly!)

Radial Factors are dose functions in horizontal direction through the beam axis in several depths. Their purpose
15 to comect for minor off-axis inhomogeneities. They are only slightly varying functions. Since it is not possible
to dismount the miLC with Nowvalis they cannot be measured directly. Radial Frofiles measured in diagonal
direction {to reduce boundary effects) contain the same information and can be converted to Radial Factors.

ONLINE

AD

HER

£ INFORNSTICN [F lOT

UbCTI

‘Radial Factor

Radial Profile

radius

The same water phantom setup as for the TMR/PDD measurements can be used, For Radial Profifesit is
important to have good spatial resolution in the penumbra region (at the diagonal edges). Therefore you have o
use a medium size detector with small active volume (pinpoint or smaller). To get results with low noise, itis
recommended to move the detector slowly, especially for the lower depth values (to avoid walor waves). See
frigure 4.a. for illustration.

Open the jaws as well as the mMLC field to 100x100 mm.

Measure the Radial Profiles in depths of: 5, 14, 25, 50, 100, 200, 350,... [mm)]

Use a radial resoffilution of at least 2 mm.

Measure the whole profile ranging from one comer of the field to the other (at least 150 mm to + 150 mm
in socenter plane).

Al the profiles have to use the same radius values (either isocentric or real). If necessary use the water
phantom software 1o interpolate.

Transfer your measurement results to the Excel template.

Similar to TMIR/PDD the Radial Factors/Profiles can be measured in a TMR-like or a PDD-like approach. The
radius is always given in the depth whese the detector is moving. There is no radius conversion Necessary.
If radial factors have been measured in a PDD-like approach, the S5SD for radial lactors must be equal Lo the
S50 used in the PDD measurement. The kind of data measured has o be communicated to Brainl AB HO.
Radial Profiles can be normalized arbitrarily,

The fact, that data and the beam profile were sent to BrainLAB does not affect the overall
responsihility of the hospital’s physicist for the accurateness of the measured values and the
correciness of the beam profile!
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Detector
X

Open field
Lo FFe GRS
i >
Leaf direction Leat direction
radial factors measurement transversal profile measurement
(a) (t)

Figure 4: Beams eye view indicating the direction of measurement for the radial profiles (a) and the transversal
profites {b). Radial factors (a) are measured in diagonal direction 1o the jaw field while transversal profiles (b) are
measured along and perpendicular to the leaf direction. x-profiles have to be measured with an offset of half the
leal thickness in y-direction (1.5 mm [or Novalis) to avoid the inter leaf gap. [or y-profiles, either the intraleal
gap or the profile axis has o be shifted by 20 mm from the beam center, In both cases, the detector should be
mounted in such a way as to allow maximum spatial resolution along the measuring direction. For Novalis none
of these Lwo measurements is suited to be entered into the Beam Profile Editor directly!

6.4 Additional Measurements
6.4.1 Measurement of dynamic leaf shift (Dynamic IMRT installations, onfy)

The dynamic leaf shift describes an effective leaf shift due to the round leaf end design of the mMLC. Itis
determined by measuring the isocenter doses for shiding gaps with different widths (use prepared mMLC files).
The value is entered into the beam profile in the "Radiclogic Field [ Leaf shift dynamic” field.
= Use alarge detector (ienization chamber) and position it in the water phantom in a way, that the detector
axis is perpendicular to the leaf direction. Set the water surface level to an S50 = 980 mm and adjust the
detector at the isocenter (depth = 20 mm).
= Setthe jaws to form a square field of 100x100 mm?2,
=  Set the dose rate of the LINAC to 300 MU/min and deliver 300 MU for each field.
= Successively iradiate the dynamic mMLC files "M3_1.d077, "M3 5.d07", ... "M3_100.d07" {gap sizes:
1, 5, 10, 20, 50, 100 mm) and note the dose values.
= Close the mMLC and measure the leakage dose using the same setting as above (asymmetric gap setting;
intra-leaf gap should be 50 mm off the isocenter).
= Setthe mMLC to a square field of 100x100 mm? and measure the open field dose using the same setlings
as above.
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= The measured dose £'can approximately be described by a linear function

D-D, ., =bgap+28)=58-gap+ ¢ . where gapis the nominal gap width (1. 5, ..., 100 mm),
I 15 the measured mMLE leakage and &is the effective dynamic leaf shift per leaf. Afler delermination
of aand by linear regression, #is calculated by & = a4/ 25 . Please see the Excel sheet "Dynamic Shift”

in the Excel termplate.

6.5 Source Function Correction and Radiological Field

The source function corection is an empirical way of simulating an extended beam source and other effects,
that smear out the beam edge. A Gaussian curve with a certain amplitude and a given width (Sigma is a
measure for the width) is convolved with the calculated dose distribution. This only influences the penumbra

Teqgion.

The radiologic field correction allows to correct for small deviations of the radiologic field with respect to the

fiedd size defined by the mMLE, which result from gap settings. round keaf end and tongue and groove design. in

leaf direction, an offset can be defined by the value "l eaf shift static” in the "Radiologic Field” section of the

BPE. Perpendicular to the leaf direction, the offsst can be defined by the "Tongue and groove siFe”,

Default values for the Movahks mMLC:

'tEnermr | Source Function Carrection _ _ Radiologic Field

Ocmdepth | 20cmdepth | Leaf shift static | Tongue and groove size

i 6MV | Sigma=018cm | Sigma=012cm 0.0 mm
| Amplitude=50% | Amplitude=50%

—l

0.0 mm

" Sigma and Amplitude values at all other deﬁﬁié-arﬂ linearly inler-/extrapolated.

The parameters in the BPE section lightfield correction allow to correct for small deviations of the lightfield. [f

the hghtheld size is comectly adjusted, both values should be set to 0.

Both, the values for the Source Function correction as well as for the Radiologic Field Correction,

should not be changed without consulting qualified BrainLAB personal!

7 References

“"BrainSCAN", BrainLAB User Manual

"Beam Profile Editor”, BrainL AR User Manual
WOl Beam Measurement RS and Conformal
WOl Pencil Beam Measurement (Standard)
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1. Purpose

Acquisition of beam data which are suitable for Treatment Planning with BrainSCAN module Radiosurgery.

2. Scope

This working instruction is valid for all BrainLAB Support Engineers.

3. Definitions and Abbreviations
DAR : Off-Axis Ratio. Definition: 0AR(c,r.d)=D(c.r,d/D(c.0.d)  — =

TMR : Tissue Maximum Ratio. Definition: TMR(c.d)=D(C.0,0)/D{c.0,0p) |+~ -

LAED) (RFORMATION IF PRINTED O PAPER

PDD : Percentage Depth-Dose. Converted from TMR by TMR = L eppp+ (- Ay -y
100 SSD+d,,,,
S, : Total Scatter Factor, also referred to as Relative Output Factor.
Definition: S{c)=D(c, E,dw}f D(10*10cm’,0,d,)
ao 1
o c diameter of conical collimator attached to LINAC
r off-axis distance perpendicular to central beam axis
= d : depth in water or water-equivalent material
O :  depth of maximum dose (build-up effect)
=>  SSD : source-surface distance
Originated: Approved: Released:
January 26, 1999 January 26, 1999 January 26, 1999
Richard Braun Stefan Vilsmeier Per Persson
Product Support Manager President Quality Manager
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4. Instructions

Measurements of TMR, OAR and S; for all circular stereotactic
collimators MUST be made with a fixed primary jaw field size setting,
usually 5x5cm?. ”

s

OAR measurement set-up

distance 100ocm

Water phantom Water equivalent material
Source Source
! :
! Source Isocentier

Water equivalent material

INFORMATION IF PRINTED 0 PAPER

Range of E
Measurement |
Skt — ; __x P
=y Chamber £ {
i [- \ s ‘l‘?.SCrn i ?.Sr_'m‘:'
e | -+ < R . - o
o, il
= Dosimetry
Water Phantom Isocenter level R
&
% S50=925cm
Beam Axis Beam Axis

OAR can be measured either in a water phantom using ionization chamber or diodes, or with water equivalent
maaterial using dosimetry films. When using a water phantom adjust the chamber at isocenter level, 7.5cm below
water surface. If you are using an automatic dose measurement system, make a continous dose measurement in
order to get the most accurate and continous OAR graph. If only a non-automatic system can be used, make sure
to measure in Tmm steps in the area of steep dose fall-off, and every 3-5 mm at the flat parts of the dose curve
until the dose drops to less then 2% of the maximum dose.

Make sure to measure the profile in positive and negative range. According to the definition of OAR, normalize
the data to the dose measured on central beam axis r=0, and average corresponding data points from the
negative and positive branch.

0AR has to be measured for each collimator separately using the same jaw position.

IRS[] # $%S$ 0% % %
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TMR measurement set-up

Source

v

| Isocenter 0
i distance =100cm

L. |
“
t Filkinup to
i 25cm of water

Isacenter level |

Beam Axis

Usually, this is done with ionization chambers only.
The chamber is fixed inside the water phantom at
isocenter position. At the beginning, the device is
placed just on the water surface. Then water is filled
up to a level of 25cm above isocenter. During filling,
the LINAC is continuously irradiating and the
chamber is measuring the dose. In case the
measurement system can not pick up the data
continuously, BrainLAB recommends to use the
following water heights for reconstructing the TMR-
profile (for 6MV beam): 0, 5, 8, 12, 14, 15, 16, 18,

"20, 25, 30, 40, 50, 75, 100, 125, 150, 175, 200, 225,

250mm. For photon beams with higher energy the
depths should be modified corresponding to the
expected changes in depth-dose curve.

WQI 08-10

Revision 2

Beam Measurements RS

page 3 of 5

PDD measurement set-up

Source

v

|

! SSD=100-d 0

| T
e

e

lsocentar at |
depth d=d,__, et ‘ e S ey A

l Move chambear

Zhecm down

Water Phantom

Adjust water surface to d,, above isocenter
(SSD=100cm-d,,,). Position chamber at water
surface. Then move the chamber 25cm down into the
water. Keep the LINAC continuously irradiating and
the chamber measuring during movement. In case
the measurement system can not pick up the data
continuously, BrainLAB recommends to use the
following depths for reconstructing the PDD-profile
(for 6MV beam e.g.): 0, 5, 8, 12, 14, 15, 16, 18, 20,
25, 30, 40, 50, 75, 100, 125, 150, 175, 200, 225,
250mm. For photon beams with higher energy the
depths should be modified corresponding to the
expected changes in depth-dose curve.

Depth-doses show a maximum dose at a particular depth that depends, beneath others, on collimator size.

But the algorithms used for dosage calculation require all data to be normalized to the same depth. This depth

will be referred to asd,,,,. Following this normalization instruction, it might happen that some graphs exceed
\\_,_.,";

unity. c
i

0/ % %
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TMR is defined as:

TMR(c,d) = D(c.0,d)/ D(c,0,d,.)

¢ : diameter of cone at isocenter

r

. off-axis distance
d.: depth in tissue

Beam Measurements RS

WOl 09-10

Revision 2

page 4 of 5

To get data comparable to TMR the data measured
with the PDD method need to be converted to TMR
using:

ssp+d Y

TMR (¢,d) = PDD(c,d.SSD) e
SSD +d

max

The depth-dose data has to be measured for each collimator separately using the same jaw position.

Scatter Factor S, (Relative Output Factor)

Sc{c,0,d,,,,) measurement set-up

Measurement
chamber at
isocenter
depth d=d,,.

Source

A

SSD=100-0yay

Water Phantom

Scic,0,d_,) measurement set-up
(Hospital calibration setup, e.g.)

Source

v

e.g. SSD=100

Isocenter
Measurement J I
Chamber at s 5
depth d=d,,

(Example)

The scatter factor accounts for the attenuation of the beams that is due to the focusing effect of the collimator
in comparison to an “open field” irradiation.

Measure the dose at the reference point d,, (SSD=100-d,,,), i.e. the depth where the PDD/TMR have been
normalized. Apply the same dose that is delivered when measuring the nominal LINAC output and when -

measurements of PDD/TMR and OAR.

Q‘calibrating the LINAC, e.g MU, = 100 MU. Make three measurements (for each collimator) and take the
average to account for inaccurate dose delivery/measurement. Keep the jaws in the same position as for the

/

i
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Then measure the dose for the hospital calibration setup (e.g. SID=SSD= ‘I_OUcm dm—dm,

fieldsize = 10x10cm?) at depth d_,. Again, take the average out of three measurements. :
0

o

S, is defined as S,c=D(c,0,d..)/D(10*10cm’,0,dc.)

hospltal a dose D, (e.g. 1Gy). Thus we have calibrated the ionization chamber and calculate a dose from { cJ
given electrometer readouts. J‘._'-'g
S, has to be measured for each collimator separately using the same jaw position. ¥ o
de
<o
5. References
% “Beam Shape Editor”, BrainLAB Users Manual
&
i "Dose Aigorithm”, BrainlAB Users Manual
Rice R K, Hansen J L, Svensson G K, Siddon R L; Measurements of dose distributions in small 6/MV x-rays.
pe  (1987) Phys. Med. Biol. 32 pp1087-1099.
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Supplément

Révision 1.0

Logiciels de planification de
radiothérapie de BrainLAB

iPlan RT Dose
BrainSCAN

Copyright 2007, BrainLAB AG Allemagne. Tous droits réservés.
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Positionnement des machoires primaires

2.3 Mesure de petits champs

Recommandations
en matiére de
mesures

Informations
de sécurité

Il est obligatoire de réaliser des mesures spécifiques avant d’effectuer des traitements
stéréotaxiques avec des champs de trés petites tailles. Il est supposé que si ’on fait la
moyenne de la dose inhomogéne mesurée a 1’aide d’un détecteur de grand volume sensible,
on obtient un signal plus faible. Aussi, les valeurs élevées obtenues avec de petits détecteurs
sont susceptibles d’étres plus proches de la valeur réelle. Par conséquent, utilisez le plus
petit détecteur disponible lorsque vous réalisez une dosimétrie sur petits cham]::s.m Pour
effectuer des mesures sur I’axe central du faisceau, telles que la dose en profondeur, les
rapports tissu maximum (TMR), les facteurs de diffusion (scatter/output), le détecteur
utilisé doit avoir des dimensions nettement inférieures a la taille du champ.

L’équipement de dosimétrie requis doit étre sélectionné et manipulé avec minutie. En
présence de petites tailles de champ, il est particuliérement important d’aligner
correctement le fantdme d’eau et la direction de déplacement du détecteur sur I’axe et le
centre du faisceau. Méme si le détecteur a une taille adaptée aux petits champs & mesurer,
sa sensibilité (par exemple la dépendance énergétique du signal) doit étre ajustée en
effectuant des corrections de précision, conformément aux spécifications fournies par le
fabricant du détecteur.

A

Il est obligatoire de respecter les spécifications et recommandations établies par
le fabricant de I’équipement de dosimétrie. En particulier, les détecteurs de
dose ont chacun un intervalle de tailles de champs trés spécifique pour lequel ils
peuvent étre appliqués. Le fait d’utiliser un détecteur de dose hors de son
domaine d’application ou dans la mauvaise orientation peut fausser les calculs
de dose et causer de graves préjudices a la santé du patient, voire méme
entrainer sa mort.

A&

En cas de traitement sur des petits champs, le profil de dose présentera un
plateau trés étroit ou aucun plateau du tout. Si le volume sensible du détecteur
est trop grand, la dose mesurée sera plus faible que la dose réelle, ce qui
engendrera un surdosage lors de P’irradiation, et causera de graves préjudices a
la santé du patient ou pourra méme entrainer sa mort. L utilisation de
détecteurs dont le volume sensible n’a pas la bonne taille contribue fortement a
I’obtention de mesures imprécises de la dose.

12 Supplément révision 1.0, Logiciels de planification de radiothérapie de BrainLAB (iPlan RT Dose + BrainSCAN)

IRSOI

# $ %$
) & 2 ( 9 99 2;

+ 9% %



Accuray Incorporated Module 3: Commissioning Linac and Annual QA

To determine the equivalent square field size (ESFS) of the circular 60 mm collimator at 100 SSD, use the
following information. CyberKnile fields are circular and defined at 80cm SSD. The diameter of the

R collimator is multiplied by 0.9 to determine the ESFS as in equation (Eq.1).
Convert the circular field size to the equivalent square.
ESFS (80) = .9 x Circular Field Size (Colimator @ 80 cm SAD)' {Eq.1)
For an extended 53D of 100 cm, the ESFS becomes larger by the relationship expressed in equation
(Eq.2)
FS(100) = 100/80 x ESFS (80) (Eq.2)

ESFS (100) = 1.125 x ESFS (80)

So, the 60 mm collimator at 80 SAD is equal to the ESFS of 67.5 mm at 100 SSD. Refer to Table 3-2 on
Page 3-22

CyberKnife ESFS

Collimator Size (cm) Eqv. Square F5 (cm)
AL BO SSD @ 100 cm
=60cm =6.75cm

PROCEDURE 3-6: CYBERKNIFE K, BEAM QUALITY MEASUREMENT
1.  Set up water tank or solid waler phantom

2.  Measure at 100 em SSD. Use the TP to manually drive the Robot. (Refer to Module 5 for details of
manual robot operation).

+ Set robot normal to surface using laser and SSD=91 em with front pointer
(Figure 3-15° Front Pointer, page 20). Set up as in Figure 3-16 Example of Verification of
Dosimetry Calibration, page 22

« With the robot sel lo WORLD co-ordinates mode, move upwards 9 om so that the linac
target is 100 cm to the water surface.

CAUTION: Alternatively, you could manufacture a front pointer suitable for SSD
100 cm, but do NOT push it too far in! Avoid this by making a stopperfflange. The
murror could be damaged.

3. Acquire a reading at 15 mm depth. Obtain a reading at 100 mm depth. Compule the PDD.

4. Compare the CyberKnife measured d10 PDD with the 6 75 mm equivalent from a known data source
such as the BJR 25. From this value, the equivalent associated value for a 10x10 FS can be inferred.

After the beam energy has been determined, perform a hard calibration using the Absolute Dose Calibration
of your choice such as TG 51 or IAEA 398 protocol.

The CyberKnife dose is then established to be 1 cGy equals 1 MU at 78.5 SSD and a depth of 15 mm

1. From Day MJ & Aird EGA in BJR sup 25, 1996, p138-153, A1 80 SSD. the &0 mm collimator is equal to & 5.4 cm equivalen] square

FIN 023THA-ENG CyberKnife Absolute Dose Calibration | 3-23
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Accuray Beam Commissioning Procedure (W. Weber)

1. Measurement of Qutput Factors

a) Water Phantom Measurement (without reference chamber):

1.Setup water phantom aligned to the linac base plate (= inplane) and block the wheels.

2.Insert laser collimator. In joint mode, manipulate the axes such that the laser beam is reflected
back at the pin hole.

3.0ption (required only for OCR measurements): insert diode vertically into water phantom and
align it optically to the laser spot. Then move diode down to 300 mm depth and check
alignment to laser. If needed, readjust the water phantom to assure diode moves properly
parallel to CAX.

4.Insert diode vertically into water phantom and center it to the laser spot (use water phantom
moving mechanism and pre-irradiated film for shadowing).

5.Adjust diode to water surface (2 mm plastic above the sensitive chip !). Save this position
using the water phantom teach pendant.

6.Switch to world coordinates.

7.Insert Accuray front pointer, open its screw and adjust linac (use only world coordinates) until
front pointer touches upper surface of diode and shows 783 mm (then SSD = 785 mm).

8.Insert 5 mm collimator and use water phantom software to find CAX (= maximum signal), then
correct for CAX position and save this new position.

Check once more whether he chip is aligned to the water surface.

9.Lower the diode in the water phantom by 15 mm to get to SAD = 800
(due to flat TPR at D« correct depth this is not too important)

10. Insert 60 mm coellimator.

11.  Adjust SGI for delivery of 100 MU (= dose per measurement).

12. Deliver 2 x 100 MUs and average measured charge (single channel, i.e. no reference
chamber).

13. Replace 60 mm collimator subsequently by the 5 — 60 mm collimator and repeat the
measurements. Compare the first and the second 60 mm-collimator reading.

14. If desired, measure output factors also for SAD = 650 mm (move robot down 150 mm)
and for SAD = 1000 mm (move robot up 200 mm) by using the Z-coordinate in world
coordinates.

Site KEEKKEEEEEE
Date dd.mm.yyyy
Detector TW60008 - #HH

Measurement 2 x 100 MU

collimator: 60 5 15 10 12,5 15 20 25 30 35 40 50 60 (conf.)
M1 (nC) 1245 896,9 1090 | 1139 | 1178 | 1195 1213 1221 1225 1230 1233 1239 1245
M2 (nC) 1243 8930 | 1090 | 1138 | 1179 | 1194 1213 1220 1224 1230 1231 1238 1248

Average (nC) | 1244 | 89495 | 1090 | 1139 | 1179 | 1195 | 1213 | 12205 | 12245 | 1230 | 1232 | 1238,5 | 12465

Aver. / 60 1,0000 | 0,7180 | 0,8744 | 0,9134 | 0,9454 | 0,9583 | 0,9731 | 0,9791 | 0,9824 | 0,9868 | 0,9884 | 0,9936 | 1,0000

Aver. MP (800) 1.0000 0.7194 | 0.8762 | 0.9152 | 0.9473 | D.9602 | 0,9751 0,9811 0,9843 0,9887 | 0,9904 01,9956 1,0020

composite 0,9969 | 0,6836 | 08846 | 09188 | 0,9510 | 09642 | 09732 | 09807 | 09845 | 09882 | 0,9908 | 09961 0.,9969

Dev. to comp. 100,3% | 105.2% | 99.1% | 99.6% | 99.6% | 99.6% | 100.2% | 100.0% | 100,0% | 100,1% | 100.0% | 100.0% 100,5%
IRS[] # $%$ % %
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Table 1: Example of Output Factor Table (650 mm SAD) with water phantom, without reference

chamber

b) Birdcage Film Measurement (alternative):

G o

Measurement using Rotterdam film phantom (PMMA cylinder) and EBT films
Mount birdcage and PMMA phantom to linac nozzle
Insert film into film pocket and let it getting pinpricked by the inserted needles

Deliver 300 MU for the 60 mm collimator; for the other collimators deliver 300
MU/Output Factor in order to have always the same dose to the film (see table 2 below)

Send all films together with one unexposed background film to Rotterdam for
evaluation

Coll. (mm) 5 1.5 10 12.5 15 20 25 30 35 40 30 60

OF measured | 0,705 | 0867 | 0,909 | 0,941 | 0957 | 0972 | 0,978 | 0,981 | 0,984 | 0987 | 0991 | 1,000

MU delivered | 42543 | 345,95 | 330,20 | 318,87 | 313,61 | 308,61 | 306,66 | 305,77 | 304,96 | 304,01 | 302,82 | 300,00

Table 2: Output Factor Table (OF) with bird cage phantom

2. Tissue Phantom Ratio Table (TPR) (without reference chamber)

1.

Jog the robot into position above the water tank. Chose a position such that
the joint 5 knuckle is roughly parallel with the floor. Move the robot up and down the z axis
to ensure smooth motion with minimal joint rotation.

2, Install the [aser collimator and turn on the laser.

3. In joint mode, manipulate the axes such that the laser beam is reflected back
at the pin hole.

4, Switch to world coordinates.

5. Attach the CyberKnife birdcage, mount the chamber holder form underneath
and insert the diode vertically, insert the front pointer into the birdcage and adjust the
vertical position of the diode to 798 mm (= SAD 800 mm).

6. Replace laser collimator by 5 mm collimator and mount the birdcage to the
linac.

7. Attach an electrometer. Using the linac beam and the electrometer output,
manually adjust the position so that the diode is at the radiation center (maximum signal).

8. Use robot z-coordinate to establish the surface position, i.e. the diode surface
is at water surface (= black ring at diode housing)

9. On the teach pendant, go to MONITOR > ROBOT POSITION > CARTESIAN.
Record the surface position (in mm) and enter this into the yellow box in the spreadsheet.
Leave this screen open throughout the measurements.

10. Move the robot down to - 300 mm depth and verify proper tank clearances.
Use the STEP motion function on the teach pendent (TP) (change the green arrow on the
right side to select 100 - 0.1 mm steps sizes). When using this step motion, you must
ensure the START + key is depressed until motion stops.

1. Return the diode to the surface position using the STEP motion function.
Visually check the position to ensure it is correct.

12. Extend the TP to the control console if possible.

13. Clear the room - deliver a warm-up fraction (> 5000 MU).

IRSL #o S%$ 0% %
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14. Move diode step by step into the water using the robot Z-coordinate and
obtain 600 MU measurements at the suggested locations (see below).
Monitor the linac dose rate to be stable during measurements (if no reference chamber !).
15: In addition, due to the questionable measurement at zero depth, a TPR
measurements at 3 mm and the measurement at 5 mm depths can be used to perform
linear extrapolation to find the TPR value at zero depth. The extrapolated zero depth TPR
values then can be additionally provided in the TPR measured table.
16. Change collimator and repeat the measurements.
17. Once satisfactory curves have been obtained, the data must be fit (cubic
spline interpolation) to generate a data table from 0 - 300 mm for a total of 301 1-mm-
steps. This data must be checked versus the measured data.
Site EREEREERREKE
Date dd.mm.yyyy
Detector TW60008 - ####
Measurement Position Input (2 x 100 MU ) Calculation
step # step size rel. Pos. Robot Z Mi(nC) M;(nC) | Average (nC) TPR Compuosite Dev.(%)
1 - 0 2261,580 114,7 114,7 114,70 0,7957 0,665 119,6%
2 5 5 2256.580 137.8 137,6 137,70 0.9553 0.933 102.4%
3 5 10 2251,580 145,6 145,5 145,55 1,0097 1.010 99,9%
4 5 15 2246,580 144,2 144,1 144,15 1,0000 1,000 100,0%
5 3 20 2241,580 140.5 140,9 140,70 0,9761 0.977 99.9%
6 40 60 2201,580 113,0 113,1 113,05 0,7843 0.788 99.6%
7 40 100 2161,580 90,9 91,0 90,95 0,6309 0,636 99.1%
8 50 150 2111,580 70,5 71,0 70,75 04908 0,493 99.6%
9 50 200 2061,580 544 54.4 54,40 03774 0,384 98.3%
10 50 250 2011,580 43,1 43,0 43,05 0,2986 0301 99.2%
11 50 300 1961,580 33,5 33,6 33,55 02327 0,237 98.0%

Table 3: Example of TPR measurement (5 mm coll., 11 steps of 2 x 100 MU without reference

chamber)
5 mm TPR
1,2
1,0 1 ——TPR
g, 0,8 ————  —e— Composite
(m] SN V—
2 os
©
£ 044
0.2 —
0,0 . - T ; T
0 50 100 150 200 250 300
Depth (mm)
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How to use the automatic TPR-program:

° Turn the mode switch on the teach pendent to T1 or T2
° Switch to Expert mode : Configure -> user group -> Expert (password: kuka)

° Copy the file to a floppy disk or CD and transfer it to the controller (CK Tools directory)
using the robots PC's floppy or CD drive.

° Test run the program in t1 with low speed percentage values (10%). (exactly like running
prch)

° Ensure there are no obstructions prior to remote operation.

3. Off-Center Ratios Table (OCR) (with reference chamber)

-

Use the same setup as used for output factor measurements until step 9.

2. Align the water tank carefully to make sure that the scanning mechanism is
perfectly aligned to the laser axis.

S A reference chamber (e.g. PinPoint, diode or 0.125 cecm) and a dual-channel
electrometer must be used for this measurement.

4. For SSD = 800 mm measurements (= preferred):

Use the front pointer to position the robot at SSD = 785 mm and then measure the 2 x 5 in- and
crossplane profiles for each collimator in water depths of d = 15, 50, 100, 200 and 300 mm.
Then correct the x-axis data in EXCEL using the following formula (see graph below and table

4):
x-axis correction = 8002/ (785 + depth (mm))?
SSD-785mm  SAD=§00 mm  SAD=§35mm  SAD=885mm  SAD=985mm  SAD=1085mm
focus level
(= fixed)
v
d=15mm e B ] ’ water level
d= 50 mm e SN SN S
v
d=100mm =TT TTTTTTTTTTTTTmToommoom oo s e e
d=200 MM  s————— i m S mm s m mmmm i o ] J
d=300mm  mmmm oo
ter depth at SSD setu
SAD = 785 mm water depth ai setup (mm)
15 | so | 100 [ 200 [ 300
IRS[I # $%S$ $% %
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collimator spacing SAD ranges SSD ranges

mm mm +/- mm +/- mm
5 02 30 30 31 33 37 41
7.5 0.2 30 30 31 33 37 41
10 0,2 30 30 31 33 37 41

12,5 0,2 30 30 31 33 37 41
15 0,2 30 30 31 33 37 41
20 0,5 40 40 42 44 49 54
25 0,5 40 40 42 44 49 54
30 0,5 40 40 42 44 49 54
35 0,5 50 50 52 55 62 68
40 0,5 50 50 52 55 62 68
50 0.5 60 60 63 66 74 81
60 0,5 60 60 63 66 74 81

Table 4: OCR measurement settings for spacing and ranges for SSD and SAD setup

5: For SAD = 800 mm measurements:

On the teach pendant, go to MONITOR > ROBOT POSITION > CARTESIAN. Record the
surface position (in mm) and enter this into the yellow box in the spreadsheet. Leave this screen
open throughout the measurements (see table 5 below for robot positions):
series Water depth (mm) SSD (mm at the front
pointer)

1 15 785

2 50 750

3 100 700

4 200 600

5 300 500
Table 5: OCR measurement spacing and ranges for SAD- and for SSD-setup

6. Set the SGI to maximum dose deliverable, i.e. 600.000 MU.

7. Use slow scan speed (e.g. 0.2 mm/s) and the spacing and ranges as
specified in table 6. For measuring all 10 profiles for a give collimator in one sequence, it is
recommendable to use the (rounded) maximum range of d = 300 mm for all depths.

8. After scanning is complete, shift each measured profile to CAX and then
average inplane and crossplane profiles.

9. Then average left and right side to end up with the average of 4 half scans.

10. Renormalize to the CAX to produce the radial OCR per collimator.

11. For SSD setup (only) correct the x-axis values in EXCEL for SAD = 800 mm
(see formula above).

12. Once satisfactory curves have been obtained, the data must be fit (cubic
spline interpolation) to generate a data table according to “spacing” and “SAD ranges” in table 5.
This data must be checked versus the measured data.

Site : XXXXXX
Detector: Diode PTW-T60008-###
5.0 collimator_size (mm)
5 depths
IRS[I # $%S$ 1% %
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41 radial measurements (mm)

off axis distance (mm) 15 50 100 200 300
0.0 1,000 1,0000 | 1,0000 | 1,0000 | 1,0000
0.2 0,999 0,9828 | 0,9826 | 0,9820 | 09818
0.4 0,987 0,9294 | 0,9301 | 0,9294 | 0,9293
0.6 0,972 0,8374 | 0,8386 | 0,8395 | 0,8432
0.8 0,953 0,7049 | 0,7080 | 0,7123 | 0,7186
1.0 0,925 0,5462 | 0,5512 | 0,5593 | 0,5677
12 0,895 0,3866 | 0,3950 | 0,4072 | 0,4185
30 0,0944 | 0,1044 | 0,1120 | 0,1222 | 0,1322

Table 6: Example of Off Center Ratios Table (OF) Excel file (5 mm collimator)
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Revision History i s .' 4=
Issue Date Avuthor Status  Description
1 2002-06-14 PK] Approved Approved version, after changes
recommended by Jiirgen Arndt
2 2005-11-06 PK] Approved New Calibration

Halorances. L msamee:

[1] TAEA, Technical Reporr Series - 398

[2] TAEA, Technical Report Series - 277

P e s T L A G G
This document contains several references to the chamber characteristics, Since
this data is very important for the correct determination of the dose rate, it is
important not to forget updating all values on all pages when this document is
updated. The data is therefore entered as “bookmarks” in the table below, and
all other occurrences of the data is in the form of cross-references to these

bookmarks, 5o, when updating this document, only change the values in the

table below:
Detector Type PTW-31010
Detector Number 0692
Calibration Certificate No. USU'}"_924_ o
Calibration Dose Rate 0.2872 |Gy/nC]
Detector Calibration Date 2005-10-11
Document Number BL0596

PTW Chamber # 0692, N p,, = 0.2872 [Gy/nC]
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ELEKTA INSTRUMENT AB ABEGE

Edition

2

Page
3 5)

Table 1. Bookmarks used for all occurrences of the data in the document,

PTW chamber # 0629

Calibration document:

Calibration certificate PTW No. 0507924

Calibration Np , absolule dose in HyO (Gy/nC)

N pw= 0.2872 [Gy/nC]

g=1{
k&, =097
(8 = 1,133
p, =1

ND,W =N.i' N {I'g} i 'kﬂl‘l' " ki.l'l : [S:r,.ﬂir ]H Py

For Co-60 measured with this chamber, the following values are used [2]:

Note! In those cases, when the ionization chamber is calibrated in air kerma (N,), the IAEA-
protocol [2] is used to calculate the calibration factor for absorbed dose in water (N, ).

Hospital LGE# and model

Date of dose rate measurement

| T'otal source activity [Ci] | Date of activity Signature(s)

Important Note:

Before starting the measurements of the Leksell GammaKnife® dose rate, check that the

identification number of the ionization chamber you are using corresponds with the

number on this document, The identification number is printed on the ionization chamber.
This is very important since each chamber has an individual calibration constant.

IRSOI
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Measurement Procedure
1. Start by turning on the electrometer at least 10 min prior fo measurements

2. Position the spherical polystyrene phantom at x = 700 [mm] in the unplugged 18 mm
collimator helmet

3. Position the sensitive volume of the detector (the black cap) at position x =y = z =
100 [mm]

4. In LGK model B center the largest extension of the sensitive volume in the plane Z =
100 [mm] and in LGK model U center the largest extension of the sensitive volume in

the plane X = 100 [mm]

5. Check the leakage (L) by measuring during 5 min with the chamber not exposed to
radiation

Measured leakage during 5 minutes L= [nC]

6. Measure the femperature and pressure
Temperature, Ty = [C°] Pressure, Py = _[mbar]
7. Start measurements when the helmet is in treatment position, i.e. use a separate timer

for the measurements. One measurement represents the integrated charge during 1
minute. Fill in table 1 below.

Table 1
Measurement # | Time [min] | Charge [nC] | Measurement #| Time [min] | Charge [nC]
1 1 6 1
2 1 7 ]
3 1 8 |
4 1 9 1
5 1 10 ]

Average measurement, M, [nC/min]

PTW Chamber # 0692, N ;,,,=0.2872 [Gy/nC]
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8. Measure the temperature and pressure once again affer the last charge measurement
Temperature, Tp = [C°] Pressure, pg= [mbar]
0. Subtract the leakage current per minute from the average measurement (M):
M, =M~ L/5 [nC/min]
M, = [nC/min]
10. Calculate the Temperature-Pressure correction factor, ki,

kyp = (273.2+7)-1013 ky =
2932-. p

where T'= (T, + I,)/2 and p= (p, + p,)/2

11. The measurement corrected for leakage at the center of the spherical polystyrene phantom,
M, is now converted to the corresponding dose rate in water, Dy(1t), by:

Duf§)=kiy - Noy - My - ke [Gyfmin]
Where k. is here set equal to 1.00 [1].

The dose rate of the Leksell GammaKnife® with serial number » has been
measured to have a dose rate of

Dy(t) = Gymin”  at (date) -
Detector calibration document: Calibration Np, absolute dose in Ha0 (Gy/nC)
Calibration certificate PTW No. 0507924
Detector Calibration date: 2005-10-11 N pw=0.2872 [Gy/nC]
Date: Signature(s) :

) PTW Chamber # 0692, N, ,,=0.2872 [Gy/nC]
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AAPM 1999 Gamma Knife dosimetry & treatment planning J. Amndt

Introduction

We are today in the process to understand how dose and dose distnibutions affect the
outcome of radiosurgical procedures. There is clinical evidence that the peripheral dose is
relevant to predict the outcome for AVM:s and that the entire volume that receives
therapeutic dose 15 significant to predict side effects for the same imndication. For tumors
the mean dose 15 believed to be important for the outcome and the dose fo surrounding
normal tissue the factor on which side effects may be predicted. Therefore, as seen from a
technical and a radiophysical perspective there are two important factors that earlier more
or less have been based on intuition but now are resting on scientific ground. The
radiosurgical procedure must be reproducible and the therapeutic radiation dose must be
delivered selectively to the target volume.

Consequently the apparatus used for the irradiation
procedure must be designed to pernut reproducible
treatments of the smallest volume (1 cm’ or less).
Considering the smallest lesion of the Gamma Knife
we should aim at a total geometrical accuracy and
precision of less than = 0.5 mm. The most direct way
to realize this aim is to keep all important parts of

Cross section

the treatment unit stationary during treatment.

Furthermore, those parts affecting the photon beam
P ime (collimators, source, etc.) must be carefully
e H ﬁ designed and optimized for the narrow beam size.
ﬂm" i e | THie steep dose gradient, characteristic for
radiosurgical procedures, must be correctly

simulated and described in the protocol by the
treatment planning svstem with respect to dose distribution and geometry.

Here mainly attention 15 paid to the beam data that is pre-stored in Gamma Plan and to
the hypothetical dose distributions whose calculation 1s based on this stored data.

Naturally in the clinic it is necessary to consider the entire chain of procedures. Starting
with the quality of images, on which the simmlated dose 15 overlaid and ending with the
treatment by which the treatment plan 15 realized within the brain of the patient.

[
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AAPM 1599 Gamma Knife dosimetry & treatment planning J. Amdi

Irradiation technique

Some principal consequences

Convergent beam irradiation technique is used in radiosurgery to focus the radiation
energy inside the target volume. This technique 15 also used in the Gamma Enife. It has
some important characteristics.

To the left are shown in two dimensions, the principles of
this three dimensionel irradiation techmique. One illustration
shows the simation when a small target is irradiated with
narrow beams. The second illustration shows a large target
covered by broad beams.

The characteristics of the 5 “digital” beams that are directed
towards the target, are 1 inside the beam and 0 outside. In
this example geometry 1s only considered and therefore
attenuation, square law and scatter is omitted when studying
how the beams penetrate the tissue (green) on their way to
the red target.

As compared to the example with the small target, the
broader beams used for the larger target start overlapping at
a larger distance from the target border. A large volume of
normal tissue receives then a therapeutic dose because the
largest part of a given spherical volume 15 found at its
periphery. From this oversimplification of reality we can conclude that radiation biology
will mainly limit the largest size of the target volume that can be treated in a selective
manner. Technical and radiophysical tolerances of the treatment vt will determine the
smallest target that can be treated in a reproducible manner.

: ) |

T

" "
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To illustrate this hiypothetical discussion above with reality, Off Axis Ratios (OAR:s) of
the smallest and largest single beam of the Gamma Knife are compared with

corresponding OAR:s of the radio lesion where the contribution from all single beams 13
combined.

It can be seen that the penumbra of the two single beams 1s approximately the same in
spite of the difference in beam diameter. In confrast differ the gradient at the borders of
the resulting dose distributions considerably . The less steep dose gradient of the lesion
urradiated by the larger beams 1s to a large extent a geometrical phenomenon.

Beam alignment

If the region where the radiation focus is said to be located 1s magnified, it can be seen
that the beam axes do not cross exactly at one single point. This fact holds true for all
treatment units independent of their technical design. The degree of magnification that is
required to see this phenomenon depends however on the technical solution of the
treatment wnit as well as on 1ts technical and radiophysical tolerances.

Beam Axes

This beam miss-alignment has two consequences for the quality of dose delivery. The
“center of mass™ of the radiation focus may be dislocated in relation to what is assumed,
leading to a geometrical error in the dose delivery. The dose distribution may also differ
from what 15 the ideal one; that 15, the dose 15 smeared out over a larger region and ifs
magnitude being less than calculated by the treatment planning system.

The existence of these errors 15 acceptable, provided they are kept so small that they have
no clinical significance during the life of the treatment unit. An eve must therefore be
lcept on these errors by means of QA-controls. It 15 obvious that if is easier to obtain and

IRSOI # %S
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to maintain narrow geomefrical tolerances with stationary beams as compared to a maobile
systerm, subject to weare and tear,

Gamma Knife precision and accuracy
We may define the center of the smallest sphere through which all beam axes pass as the
radiological Unit Center Point {(TJCP) or 1socenter. The radius of this sphere may then be
seen as a measure of the spread of the beam axes or the uncertamty of their location. This
uncertainty 15 called “the precision of the Gamma Enife”
Radiclogically defined UCP
k

Mechanically defined UCP Precision

It is a time consuming task to calculate the precision of the Gamma Knife by using the
tolerance measurements of all relevant parts made during the manufacture of the umt.
Instead a more direct and practical solution may be chosen.

Measured dose profiles are compared with those caleulated, assuming identical
conditions. The only disadvantage with this approach is that the expenimental error of the

|: i
. f \'l :
i n .
i o | %
g ! I.
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AAPM 1999 Gamma Enife dosimetry & treatment planning J. Amndt

used film dostmetry 1s by far larger than the radiological consequences of the beam
alignment we are looking for. Thus, the experimental error rather than the beam
alignment determine the tolerance set for the measurement of the precision. The used
tolerance of = 0.5 mm for each of the three axes 15 questionable as seen from the clinical
perspective, but 1t 15 the best we at present can do in daily routine

A spherical phantom sinmilating an adult human head is used for the film exposure. The
films can be placed at the center of the sphere and the sphere can be rotated so that the
film planes are correctly orientated 1o relation to the stereofactic system.

The distance between the mechanically defined Unit Center Point and the one defined by
radiological means 15 called “The Gamma FEnife Accuracy”. This deviation is determined

by measuring the distance between the

= radiological and mechanical Unit Center Points.
i ‘~\ This measurement is made along the three
. v PR perpendicular axes of the stereotactic frame.
- ..-/ \\L
E e i
The spherical phantom can not be manufactured

= m w e m e m s w ) anth sufficient narrow tolerance to be used for this

measurement. Instead are films exposed in a very

accurately machined tool in which the mechanical
Unit Center Potnt 15 simulated by a sharp needle.

The needle 15 used to pierce the film The hole in
the film 15 then compared with the location of the

center of the optical density distribution.

Beam data stored in Gamma Plan

All beam channels of the Gamma Enife are manufactured to very narrow mechanical
tolerances. If allowance is made for the decay of the ** Cobalt, these beam channels may
be considered identical and unchanging from a radiophysical point of view. The design of
the Gamma Knife is such that all beam channels of the same size are identical,
independent of the individual unit or its model. This means that the storage of beam data
in the treatment planning system GammaPlan can be greatly simplified. This is a great
advantage since 1t would be difficult, to measure individual beams to the required
accuracy inside the unit on site. Despite the sumplicity of pre-storing the beam data, this
approach has one disadvantage. It requires that the users, must trust in the reliability of
this data at any specific installation.
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The following radiophysical data is pre-stored in Gamma Plan

e 4 beam profiles (OAFR:s), one for each beam sizes measured at 400 mun distance from
source center and at 80 mm depth in palvsiyrene,

s One data set to analytically calculate Percentage Depth Dose (PDD)

e 4 measured factors compensating the beam size dependence of the dose rate, the so

called OutPut Factors (OPE)

The experimental beam channel
ﬂ:’ - Phambom

F

I =

[ — Ey

It is mconvenient to measure single beam data
inside the Gamma Knife. ITn addition 1t is difficult
to obtain the required accuracy of the
measurement. Instead a specially designed
experimental device 1s used when the data stored
i1 Gamma Plan is measured. The design of the
wice 1s such that exact copies of any of the

beam channels of the Gamma Knife can be mserted. Data measured in a horizontal beam
can thus accurately and convemently be made. The low dose rate of one single source
requires that radiographic films are used instead for chromatographic films.
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Dhagrams 1 and 3 above show measured and MC-calculated QAR s of the 18 mm and
the 4 mm single beams. The measured single beam QAR s for all 4 helmets are pre-
stored in Gamma Plan.

It 1s obvious that the chosen resolution of the MC-caleulations 1s too sparse, and 15
therefore of limited value to validate measured data, at least in the important peoumbra
region. Instead are the measured single beam OAR s used to calculate the combined dose
distribution that then 1s compared with corresponding measured OAR: s. This comparison
15 shown in diagrams 2 and 4. In order to reduce experimental uncertainties, an average
OAR from 10 recently commissioned units have been used. Although only comparisons
for two helmets are shown here, minor deviations between the calculated and the average
of the measured OAR- 5 can be seen for all 4 helmets. Wone of these deviations are
however of any clinical significance.

Percentage Depth Dose

As the distance between the source and
the Unit Center Point only is 400 mm, the
mverse square law dominates over the
beam size dependent attenuation. In fact
\\ the change in attenuation is small for
these very narrow beams. Thus, one
single attenuation coefficient may be used
for all 4 beams when the Percentage
wloe v v v i 8 | Depth Dose (PDD is caleulated. In order
' B " to venfy this assumption, PDI):s where
measured in water by means of a
semiconductor and using the experimental device. In the left diagram PDD:s for all 4
single beams are compared with calculated data. We can conclude that the word

“assumption” can, at least for clinical purpose, be changed to a statement.

% Relalive doe+ mn e

OutPut Factors
The therd data set that is pre-stored in Gamma Plan is the factors correcting the dose rate
for its dependence on beam size, that 15, the so called OutPut Factors (OPF). These 4

factors are based on dose rate measured at the center of the spherical phantom that is
aligned at the Unit Center Point. The dose rate thus measured i1s normalized to the dose

rate measured in the 18 mm helmet.
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It 15 obwious that there are some

e = | experimental difficulties invelved in
& snasn e measuring the dose rate in the 4 mm

4 helmet. It is even more difficult to

measure it on the beam axis of one single

beam The OPF for the 4 mm helmet is

therefore subject to the largest uncertainty

as compared to the other OPF:s. The

munerical value is also subject to some

CoOntroversy.

BRLERLEF,

n
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Mumerical values ranging from 0.63 to

N 0.93 have been measured. The size of the

sensitive volume of many detectors and

their alignment are fwo common errors.

2 Most of the experimental errors will result
E—— m a value that 15 to low.

The “new”™ OPF:s are based on fairly recent data measured at different sites in Europe.
The data is averaged from measurements with TL-detectors, liqud iomzation chamber
and senuconductors. The extremes of these measurements have been excluded. The data
and 1its average are shown in the diagram to the left. The only value that significantly
deviated from the earlier recommended OPF s 15 the one for the 4 mm helmet, which is
changed from 0.80 to 0.87.

How relevant is the assumption that the OPEF:s are the same for all units, independent of
their age or model. Careful measurements have been made in five B-model umits of
different age and also in single beams of the experimental device. These measurements
confirmed that there are no measurable differences between the five units or between the
mezsurements in the units and in the single beams. It can therefore be concluded that
there are no measurable differences as long as the design of the beam channels is the
same, which means that there should be no difference between the U-model and the B-
model.

iiglim?fﬂf] G; w 343 Ul*; . The range of published calculated
Analytical U 871 0.5 a7 . ) L
Monte Carlo 0.879 0960 0079 OPF:s for the 4 mm helmet 15 simmilar
to those measured. The very selected
1) P Mizin Med. Phys. Dec. 98 data of the table to the left is chosen
2) 5. Liu, Karolinska Hospital fior two reasons. The analytical data is
Q
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the most recent publication. The data from the Karolinska Hospital 1s the only MC-
calculation into which I had some insight how 1t was obtained.

18 mm helmet 1.00
14 mm helmet 0.98
8 mm helmet 0.95
4 mm helmet 0.87

The used detectors have all their limitations

Dietector 51 TLD Liguid
Small vohune ++ - ++
Energy independence - + +++
Diose rate independence +H+  + ++
Direcnonal mdepandencs - + +H
High siznalvelune rzto +H+  # +

The OPF recommended by the
mamifacturer of the Leksell Gamina
Knife are shown in the table to the left.

The table to the left is an attempt to
describe relevant characteristics of the
used detectors with respect to dose
measurements in very narrow beams.
The number of plusses or nunuses are
by no means statements - rather
indications. It can be seen, also with this

crude classification that the liquid 1omization chamber 1s superior for measurements in
narrow beams. The only reason why the data for the OPF:s are not based only on
mezsurements with the liguid somization chamber is that there at present exists little

practical experience in narrow beam application.
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Enquéte IRSN : Caractérisation dosimétrique des minifaisceaux

ETABLISSEMENT

¥ Pratiqguez vous des traitements de :

Radiochirurgie (séance unmque) Oui
Radiothérapie stéréotaxique infracraniale (fractionnge) Oui
Radiothérapie stéréotaxique extracraniale (fractionnée) Oui

8i oui & I'une des trois questions précédentes :

APPARFILLACE

¥ Appareil de radiothérapie utilisé (plusieurs choix possibles) :

Accélérateur avec miniMLC Oui
Accélérateur avec localisateurs circulaires Oui
Gammaknife (localisateurs circulaires) Oui
Cyberknife (localisateurs circulaires) Oui

¥ Préciser pour chacun :

Marque :

Type:

Année d’installation :

Type de rayonnement :

Tension ou énergie nominale (MV, MeV) :

¥ Si wtilisation d’un miniMLC, préciser :

Intégré Additionnel
Constructeur ; Reférence :

Nombre de lames x Largeur des lames (dans le plan de I'isocentre, en mm) :

¥ Si utilisation de localisateurs circulaives, préciser :
Taille des localisateurs disponibles (en mm a I’isocentre) :

Taille des localisateurs utilisés (en mm a ’isocentre) :
Taille de la pré-collimation par les machoires (en mm a I'isocentre) :

Enquéte IRSN : Caractérisation dosimétrique des mimifaisceaux — Janvier 2008

Non
Non
Non

Non
Non
Non
Non
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