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Outline

* Rationale

* Review four techniques that have the potential to
be primary absorbed dose standards
— Water calorimetry
— Graphite calorimetry
— Ferrous sulphate-based
— lonization chamber-based

* For each technique a summary of principle,
realization and uncertainties

Conclusions
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192|r Brachytherapy Dosimetry
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See Lecture of Dewerd et al.
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Rationale for absorbed dose
calibrations of brachytherapy sources
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¢ Calibration in terms of the quantity needed in the first
place

Spectral effects that affect Sy affect much less D(ro, o)

¢ The dissemination of standards can proceed in virtually
the same manner as now, but more robust

* Method can be applied to other BT radionuclides or
even electronic sources

B McGill
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Water calorimetry as a standard for
192|r brachytherapy dosimetry

* In water calorimetry absorbed dose to water is
determined by measuring temperature rise in

water
D, = ¢, AT 11k,
* 0.23 mK per Gy absorbed dose!
* The devil is in the details:
— Large source self-heating
— Sharp dose gradient
— Need for accurate positioning at small d; 4
— Small dose rate at large dg,. g
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192|r BT water calorimeter (McGill)

Sarfehnia & Seuntjens
Med Phys 37: 1914 (2010)
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Possible setups
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Positioning!!
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Heat Transport
Numerical Calculations
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TasLE L. The uncertainty budget for '"Ir water calorimetry.

Type A Type B

Uncertainty (%) (%)
Std error on the mean (meas.) 043 BT Water
[ = 0.03 .
Absolute temperature o calorimeter
(AR/R)/AV calibration 0.04 .
Thermistor calibration (8) 0l uncertai nty
ky 0.05
' 03
s ©s budget
ki

Conv. model (physical data) 035

Simulation data 0.05

Interval extrapolation 0.01

Vessel dimension 0.02
ky 045
Source-vessel separation 0.85
Probe position wrt vessel 0.03
Dwell time 0.01
Dummy/real source position 0.00
Predrift linearization 13
Total uncertainty (1o) (%) 1.90

Graphite calorimetry as a standard for
192r brachytherapy dosimetry

* In graphite calorimetry absorbed dose to water is
determined by measuring temperature rise in

Dy = ¢, AT, TIk;
¢ 1.2 mK per Gy absorbed dose (vs. 0.23 mK/Gy in

graphite

water calorimetry)!
¢ The devil is in the details:

— A dose conversion graphite to water is built into the

correction factors

— Sharp dose gradients are less of a problem

— Self heating of the source

July 31,2012 AAPM HDR Ir192 Calibration Symposium E:E MCGill




Practical designs

ENEA (PSDL ltaly)

NPL Guerra et al, 2009

/ (PSDL, UK)
al, etrologia (in press, 2012)

8/2/2012

Dw,lcm =Cp

Table 1. MC
standard unc

Correction factors

d1y
W kht,q~akgr/wkvolavgki mpkg;apkinhkfullscaﬁ

culated correction factors and statistical (type A)

amties.
EGSnrc FLUKA
Standard Standard

Symbol ~ Value  uncertainty  Value  uncertainty
K 690 002 692 003
Kimp 09997  0.0003 09999 0.0004
kv 1.0024 0.0008 1002 0.001
kgap 09992 0.0004 0.9987  0.0006
Kinn 10008 0.0004 1001 0,001 ;'/Is‘t’"'f’.e tal
ks 10060 0.0005 1.006  0.001 etrologia

(in press, 2012)

Quasi adiabatic
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Two modes of operation

280 |
®
s s |
o2
H
£ nes
§ [ (a)
2384 |
o W 0 W0 0 s s0 T w0 o0 w0
e 1 5

te
E 2]
ey
o
< o2 |
E 301

296 + . . .
b 0 0 w0 40 so 0 0 0 sk 1000

APUIUC et e
0 o A
khl.q—;1kgr/wkvul;wgkimpkgapRin]lkfnllsc;u

(in press, 2012)




Isothermal mode: uncertainties

‘Table 3. Uncertainty budget of the HDR brachytherapy calorimeter
for quasi-isothermal absorbed dose rate measurements.

Relative standard uncertainties

Quantity 100 x Type A 100 x Type B
Repeatability of A 25 020 e
measurements
Stability of power supplies ~ — 005
Heal transfer correction — 050
1ctor, Ky gei
Mass of core., 1mg - 0.10

Radial source posi 010
Vertis 0.10
010
035
0.64 T. Sander et al,
Metrologia
uncertainty in Du,cm 0.68 (in press, 2012)

) AP&:luc
Dw.lcm = kht.qf:\kgr/wkvulavgkimpkgapkin]lkfullscm
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Dose rate constants for microSelectron
v-1 Classic HDR source
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1470 Figure 3. Measured and MC calculated dose rate constants

mc for the Nucletron microSelectron-v| Classic HDR "Ir source.
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Calorimeter-based

Ferrous sulphate as a standard for 1Ir
brachytherapy dosimetry

* Based on the conversion of Fe2* to Fe3*ions in
a aqueous solution under irradiation

AOD

o= Gw

Radiation chemical

yield of the solution

— system calibration
... and a large number of
correction factors

S < Y (¢ €711
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Implementation by Austerlitz et al

Med. Phys. 35: 5360 (2008)

Ferrous sulphate solution

192|r source catheter
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Tanws ML Unceniainty budged in the determination of Dirg, f) using the Friske device.

Type A (%) Type B (%) Remarks

050 050

040

i 1°C variation
mated using five readings of the
same sample

010

001 Basc

005 QA data
Square root of the

. 008 Qhdm 7%! (k=2)
g w2
Expanded u»\'.n.unu‘ (k=2)

lonization chamber as a standard for
192r brachytherapy dosimetry
* Use of a 59Co absorbed dose to water
calibrated ionization chamber

* Using detailed MC methods to extract the
chamber calibration coefficient for I in the
experimental setup used

N}ljgzlr — g)()o [ (Dw/Dcew) 19211-:|
" " (Dw/Dcav)G“Co MC

Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924 L5
e
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-Positioning
-Detailed
modeling

Source catheter Exradin A1SL

Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924 [:5 ]
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Uncertainties — ionization chamber

TasLe 1. Uncertainty budget analysis for the A1SL Exradin mini-Shonka
farmer chamber measurements made in water in '*’Ir brachytherapy beam.

Uncertainty description Type A Type B
Np,.(*'Co) calibration 07
0
[DgH/D,]%§“ 0.1
[D/DyuJuc” 0.09
PiePpoiPesecPro 0.17
Measurement reproducibility 0.31
e der 12
Dummy/real source 0.00
d 4 renormalization to 55 0.25
mm depth
Overall uncertainty on Dese (1-sigma) 1.46

Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924
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Comparison of methods for one of the
sources
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Conclusions

Direct absorbed dose rate calibration of *%2Ir
sources brings more simplicity and robustness to
HDR brachytherapy reference dosimetry

Standards laboratories and research centres are
actively developing standards

Uncertainties of typically 2% (k=1) are achievable
* The dissemination of these standards can be
based on vitually the same technology as
currently available at standards laboratory
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Conclusions

* A move from air kerma rate calibrations to
absorbed dose rate calibrations is necessary
and logical
— Fits within TG43 concept
— Can be disseminated using current-day practices

— Reduces uncertainties at early steps of calibration
chain

— Ultimately improves clinical brachytherapy
dosimetry

10



