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« Part 1: Equipment related QA

Content:
*IMRT relevant concepts

*QA guestions , answers
*Implementation
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RPlan te implement IMRT?
What do | need?

 [nverse treatment planning based
on dose volume constraints to target

and organs at risk

*PossIbIty for fltence modulation
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qhis talk focuses on

[Cateral modulation W

th MIEC

Photons beams

Multiple entries
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Other: possipilities for fitience modulation

Wedges , Compensators

Modulated arctherapie
Tomotherapie

Heavy, 10nSs
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hhe IMRAY Process using [Linac + MIEC

Dose conditions for PTV and OAR

Beam entries etc.

Fluence optimization |Leaf Motion

Calculator

)
al
P

Dose calculation
Plan evaluation
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RPlan to implement MR

\What do | need?

| nformation on functional performance
characteristics and critical points

o  Commissioning ofithe MR system

o A routine QA system
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Critical point L
o ['he multileaficollimator
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Y backup

X jaws

ELEKTA
MLC replaces
upper jaws

QA for IMRT

MLC

SIEMENS
MLC replaces
lower jaws
- Arc motion-

VARIAN
Tertiary Collimator

From C.Mubata, SFPH Tours 99)
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MILC specifications (1)

Elekta Siemens \arian
S-MLEC Distance 52.9 35.8 57.1
Max: size 40 x40 40 x40 40 x40

(cm x cm)
[Leaves
pairs number 410 290140 26)410)0) (16]0)
Width 1 1 1 and 0.5
(cm)
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QA for IMRT

SlicingWincow

Step andshoot
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Delivery of IMRIN (D)
sliding Window - metaod

Beam stays-on :|
1 L1
] 1 —
‘ [ 1 E | While leaves
R e R

[ E
LLeft-leaf o e Bl
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Delivery ot IMRT (2)
Step anassihootmetiaed
Each leaf pair forms a window

[Dose given through the window as function
of MU

T'he final dose distribution IS the summation

from all “segments”
QA for IMRT Kayseri- Sept. 2005 14



Marie Curie (Millentium MLC Varian 120 leave




Critical point 2

[CeafiMotion Calculator:

o CONVErts the continuous optimized
fluence distripution Into a set of
ISodensity levels

o (Generates the leat:motion
INSEEUCEIONS
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[Ceatli Miotion Calculator:

o [ eaf motion Instructions

o Step and snoot:
— segment’s shapes and MU/segment

o Sliding Wincow:
— [eaves posItion Versus time and Ieaves Speed
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Critical point 2
[Ceati Motion Calculator:

e [lakes Into account the mechanical
l[imitations of the MILLC

Interdigitation

Overtravel

Max. leaf speed

2|
Il

|
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|_eaf Motion Process

Inverse planning Multi Sliding
segment window

Optimized fluence Leaf motion
Instructions

Leaf Motion Calculator

CGReaI”
fluence

Mechanical
Rounded\,_parameters Forward planning
edges
19
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MILC specifications (2)

Elekta Siemens | \arian

Interdigitation NO NO YES
Min leaf gap 6/mm Ormm 0.2 mm
Overtravel 12.5 10 14.5

QA for IMRT Kayseri- Sept. 2005

20



MILC specifications (3)

Leaf front

Focalisation

Thickness

QA for IMRT

Elekta

Round
Simple

/5 mm
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N ENERES

Focalised

Double

/5 mm

Varian

Round
Simple

59 mMm
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Critical’ point 3

(he leaf geometry.

The leaf geometry influences the dose
distribution

QA for IMRT Kayseri- Sept. 2005
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Dose transmission In
and
out of the field

Resolution of modulation




[_eafi iransmission

Transmission (%)
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FiG. 4. The midleaf and interleafl transmissions measured at isocenter in
phantom with radiographic film for 6 and 15 MV x rays. The transmission is
the ratio of the MLC blocked field profile to the open field profile for a
10X 10 cm? field defined by the jaws and a depth of 15 cm,

6x6 central axis
- 10x10 ¢
wnQue 15x15 7"
--0-- 10x10 off axis

Transmission (%)

10 15 20 25 30 35
Depth (cm)

Fi. 3. The average of midleaf and interleafl transmissions measured at
isocenter in phantom with 2 parallel plate ion chamber, 2.5 cm in diameter
for (a) 6 MV x rays and (b) 15 MV x rays. The transmission is the ratio of
the central axis dose for the MLC blocked field to the open field for the
collimator settings and depths shown,
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Average Leaf Transmission

oMV 18 MV

Leaf Transmission |.7% 1.9%

Step and shoot:
total transmitted dose =f ( number of segments)
Sliding Window:

4 to 6% of total dose Is transmitted dose

QA for IMRT Kayseri- Sept. 2005
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Modelling of: rotinded firont i SVAL delivery

1he rounded

Q
eclge effect S
can be %
INterpreted as s ‘
. . £ Energy Offset
a dosimetric 3 JSMV 20£0.1 mm
|eaf gap ' 6MV 1.7+0.1mm

Nominal gap width (mm)
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lengue and grooVe. Minimize radiation steaming along the sides
of adjacent leaves

SV Slonguie and grooyve effect

ILelt edge transmission =
right ecige transmission

Adjacent leaf pairs with #
velocity

_eafgap a= LLeaf gap b

< |Leaf gap a

QA for IMRT Kayseri- Sept. 2005 27



*Up to 15 9% for a single field

» <1.6% In multiple fields plans

Synchronisation =  smoothing

Optimisation

QA for IMRT Kayseri- Sept. 2005

Tongue and
grooVve effect

Narrow strip of
[OW Intensity
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Critical point 4

MLC calibration

he accuracy of leaves positionning affects the
dose distribution

QA for IMRT Kayseri- Sept. 2005 29



o Sliding window
» \Wrong position — |_eaf gap error
o |_eaf speed instability — |_eaf gap error
[DOSE CISCrEpancy/

Gap error (mm)

S
O
O
=
O
O
%)
o

Q

Nominal leaf gap (cm)
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Step and shoot:
Wrong position —

\Wrong shape and P B
OUtput factor Deviation from Field Size [mm]

[DOSE
CISCrEPANCY

%Change in Relative Dose
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QA for IMRT

Adjustement
++

— leaf positioning calibration
— carriage calibration

Accuracy of position readout system

Kayseri- Sept. 2005
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MILEC Adjustment and Calibration in static mode:

[_eaves parallel Minimum: leafigap Centered

Reference values
In the MLLC
controler.

\/arian
calibration
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Critical’ point 5

|_eatl speed stability

Important for sliding window: delivery:

Different leaf speed
ofor different segments
salong the leaf trajectory.

s\ariation i the leafispeed may
lead to the variation in the leafigap

-
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Stability of the leaf speed

~ Leaf motion to produce uniform profiles

left-7
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?
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QA for IMRT
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Dose Profile
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MILC controler

StEP&ShooL:

Synchronisation of leaf position and MU

Sding Winclow:
o Synchronisation of dose rate and leaf speed

I'May lead to: beam hold effiwaiting for. the leaves
to reach the right position — machine unstable

QA for IMRT Kayseri- Sept. 2005
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Beam stability

Low MU per segment (muliple static segment)
Simultaneous start of beam and leaves motion (dynamic mode)

iy

Beam characteristics snould remain
within tolerance

*Homogeneity.
*SYMetry/
*Nominal dose rate

QA for IMRT Kayseri- Sept. 2005 38



e Ex: Varian linacs

— Homogeneity
— Symmetry

— Dose rate

— Energy

1.9% (Cc. Ramsey)

0.8% (C. Ramsey)
0.8% (C. Ramsey, D.Kubo)

<0.8% (C. Ramsey)

C. Ramsey et. all, Med.Phys. 26, 1999

Kubo,Wang, Med.Phys. 27, 2000
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Slemens Primus 6 MV
30cm x 30cm Collimator Setting
Corrected to 100cm SSD d=10cm

Homogeneity.
and symmetry

Tolerance:
+ 3 % for 1 mu
+ 2 % =2 UM.

. Jude Children's research hospital



Output factor

The behavior of the dose monitor depends of
the design and geometry of the whole
collimation system

and should be assessed

for small fields and low MU

QA for IMRT Kayseri- Sept. 2005
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« Dose monitor linearity (Siemens)

MU linearity L

1 3.1%

- 3,2% _ Dose (x UM)/UM
3 2 1% L=

4 1,9% Dose (200 UM)/UM
5 2 9%

6 2 4%

7 1,1%

WY o

180 8’2%‘: Within tolerance

T 0.3% from 1 MU

20 0.3%

30 0,1%

50 0,1%
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QA for IMRT

OUINPUINEFACTIOR SMALLIEEIEDS

Collimator back scattering effect

X X X €m2 (2.5 cm de prof)

diamond detector
’W

size of the beam(cm)
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Dose Profile : 1x 10 cm? field

Siemens Primus

0.8 dose relative

Chambre diamant

*pOSItIONING Of detector ++
» detector type (diamond, pin-point, ...)

QA for IMRT Kayseri- Sept. 2005 44



\What about gravitation ?

o [MRT plans combine number of intensity modulated fields
With various gantry angles

e (Geometry, may Compromise

— mechanical precision (leaves positioning)
— performance oflinear accelerator dosimetry. system

QA for IMRT Kayseri- Sept. 2005 45



Gravity test

Principle
4" mm sliding Window
Detector at the 1socentre

Measurement in'the 4 major: gantry
angles

Normalised'to the static reference
conditions terence

Sensipiity:
Diff. 2.5% <> pos variation. (.1 m

Detector array: all leaves

Ionisation chamber : central leaf / carriage block

QA for IMRT Kayseri- Sept. 2005 46



Specifications

Item Tolerance
MLC Calibration = 0. 2 mm
Positioning + 0. 2 mm
Gravity test + 0. 2 mm
Speed stability HetS:*+ 2 9%
Beam on/off HetS:+ 2 9%
OF small fields £ 2 %
QA for IMRT Kayseri- Sept. 2005
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QA for IMRT

* A routine QA system

QA of radiation therapy equipment is
primarily an ongoing evaluation of

functional performance characteristics”
(AAPM Report 46)

Kayseri- Sept. 2005
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Tools

» Small'velume detector: pin point, diamond
e +
» Ellm dosimetry or

o Portal dosimetry or.
o [DEtector array.

o 2D analysis software
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Rositioning reproductibnity test

1: Picket Fence : qualitative errorrs+0.5mm Correct adustement

Sliding leaves

Imm: gap changing
SPEeed every 2cm

Film dosimetry
1" mm Segment every

Portal dosimetr
2Cm y

QA for IMRT Kayseri- Sept. 2005



Positioning reproductibility test RIT 113

1: Picket Fence : quantitative

N = O O W ~ 00 ;M &= W

1
1
1

—
]
[

Calculation of deviations /
template

| 1 | 1 1 | 1 | 1 | | 1 | 1 1 | | 1 1 | | | |

2D analysis software

1
A0 | (T RE N [ (D ] ) | R | )
a (mm): Tolerance +~0.5 mm

1 1 1 1 1 1
PR ] 1
Paosition Delt




Positioningreproductibility test Quan“tatlve test (2)

« Leaves moving at maximum speed
» Acquisition of positioning errors

o Statistical Analysis Manufacturer tolerance
> IMRT relevant tolerance

Dynamic Leaf Deviation RMS Values

IIIIIIIIIIIIIIIIIIIIIIIIIl!|l!|l!|I||I||I!!!!!!!!IIII!!IIIIIIIIIIIl!lIIIIIIIIIII
O g A REMAASavpsonissussnsvsat AR i

IIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIII!|IIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIII
SO ARRRHR YRS RRARAAYPRRAR EASARAR b
A AR MRPRAEHRHTAAR TR0 <0005

d-¢ .15
A5-< 2

L af Mumber
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Dynamic dose reference value:
Sweeping gap factor (SGF)

il

static ° =AM
sliding
D
refer_er_me Dref sg window
condition
SG F= Dref/Dsg lonisation chamber

Detector array

ASGE= 2.5 % — leafigap error =0.1 mm
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Speed stability test

— Each leaf pair cross the field at different velocity.

— oK each leafipair;, dose profile compared to static
profile

Tolerance : 2%

Film dosimetry
Portal dosimetry

Detector array
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IMRT test files

— DMLC motion files based on the users’
EXPErIENCE

— comparison of resulting pattern with the
expected one

Film dosimetry

Portal dosimetry
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Routine QA

Test Periodicity,
MI.C Calibration twice a year or: after
Gravity test maintenance

Rositioning Daily gualitative
Sliding gap factor: Daily
Speed stability twice a year or: after

maintenance
Beam on/oft yearly
OF small fields yearly
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Routine QA

Test Machine time
MLC Calibration 60 min
Positioning 5rmin
SGF and Gravity. test 10 min
Speed stability 15'min
Beam on/oft 1O min

QA for IMRT Kayseri- Sept. 2005

57






e _
" j_u can achieve It!

......................

oooooooooooooooooooooo



QA for IMRT

Tihanks for your attention
and
See you later: for the patient related @A I MR
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