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Current recommendations

Specify the sources in units of reference air
kerma rate, traceable to ADCL

Documentation (standard sources and
calibration factors of measuring systems),

Manufacturer certificates

Treatment planning system

Prescription and reporting
(ICRU 1985, AAPM 1987, ICRU 1997).



Specify the sources In units of
reference air kerma rate, traceable to
ADCL

e The reference air kerma rate Is obtained at
the reference distance of 1 meter

e units are pGy.h-1,
A uGy.h-tis numerically equivalent to a
cGy.h-tat1lcm.

« AAPM recommends that sources be
specified in terms of air kerma strength - S «






Source Certificates

Before accepting a source, the user must study
carefully the certificate(s) and specifications tha t
accompany the sources

This should be independent of the necessary
dosimetric verification or calibration by the user.

Caution! Manufacturers are still using one or more of
the old units in their documentation

Specifications may include
— Nominal exposure rate,
— Activity
— Apparent activity (which include an estimate of the source capsule
absorption effects).









In the physicist does not obtain an
Independent measurement, and instead
uses the manufacturer’s value, specified In
terms of source activity, significant errors
can be made due to the different values of
exposure rate constant (or kerma) available

from literature.



Letter to the Editor

Third party brachytherapy seed calibrations and physicist responsibilities

(Received 3 October 2005; revised 11 MNovember 2005; accepted for publication 12 November 200
published 28 December 20035)

« AAPM TG-56 (1997): “Every institution practicing
brachytherapy shall have a system for measuring
source strength with secondary traceability for all
source types used in its practice.”

* “The Institution should compare the manufacturer’s
stated value with the institution’s standard.”

e AAPM TG-64 (1999): “In whatever form the seeds
are procured, the manufacturer’'s assay = must be
iIndependently confirmed.”

» For those using a third party calibration service, a
prudent approach would be to develop and
Implement an in-house system for checking the
validity of third party calibrations on a routine b asis.







The Input of source strength into the
treatment planning system

Should be exclusively in terms of reference air kerma rat e.
AAPM (1987)

This is not the current status of all TPS's.

If the required input is activity, it is important to know whether
this is apparent, equivalent or contained activity ( l.e., without
correction for self absorption and filtration).

The user should also be aware as to how the source ce rtificate
Is specified and how the TPS handles the input refere  nce air
kerma rate, source activity, etc.

The points above should all be considered:

— Prior to acceptance and commissioning of the treatm ent planning
system.

— Any time that a new model source is introduced.



Ravinder Nath

Table 1. Physical Characteristics of Various Radionuclides Used for Brachytherapy

Principal or mean energies from encapsulated
Radionuclide Half-life sources, MeV#

Photon Beta Neutron

Radium-226 1622y 0.830
Cesium-137 30y 0.662
Iridium-192 T4d (0.380
Gold-190 2.7d 0.412
lodine-125 60d 0.028
Palladium-103 17d 0.021
Strontium-90 29y

Ytterbium-90 64 h

Phosphorus-32 14d

Californium-252 265y

*These are nominal values assuming typical encapsulation for sources.
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P i A. General 2D formalism
S The general, two-dimensional (2D) dose-rate equation
s . from the 1995 TG-43 protocol 1s retained,
Fasthy) X § i
. <y A i, o) 0A ; GLU'. H)
(e—) r -z D(r.f)=Sg - A\- gr(7)-F(r.0). (1)

Grlrg.tp) oL

dose rate to water at point P{r,8)
air kerma strength
dose rate constant

radial dose function
geometry function (line source approcdmation)
Z-0 anisotropy function




2. Dose-rate constant

The definition of the dose-rate constant in water, A. is
unchanged from the original TG-43 protocol: it 1s the ratio of
dose rate at the reference position. P(ry.#y). and Sz-. A has
units of cGyh™! U™! which reduces to cm ™2,

D(rg.6,)
A=—T—"

3
Sp (3)
The dose-rate constant depends on both the radionuclide and
source model. and 1s influenced by both the source internal
design and the experimental methodology used by the pri-
mary standard to realize S;-.




Brachytherapy Calculation Geometry

. ==y . . .
Gp(r.#)=r"° point-source approximation,

F if ##0°

Gr(r.g)=4 Lrsind line-source approximation.
(F*=L4)~1 if @=0°




4. Radial dose function

The radial dose function, g (), accounts for dose fall-off
on the transverse-plane due to photon scattering and attenu-
ation, 1.e., excluding fall-off included by the geometry func-
tion. gx(r) 1s defined by Eq. (6), and 1s equal to unity at r

=1 cm.

D(r.6) Gx(rofo)
D(ry.00) Gx7.6)

gx(r)= (6)

gdr)=agtar+ar*taritagttaa. (7)

Parameters a, through as should be determined so that they
fit the data within =2%. Also, the radial range over which
the fit meets this specification should be clearly specified.




5. 2D anisofropy function
The 2D anisotropy function., F(7.#), 1s defined as

gy DUs0) Gilr.6y
" Dir.6p) Gr(r.6)




Comparison of 1-D Formalisms
Gi{r.6)

Ep(1) - 00 (7)
Gy (1.6,) :

: sl
D(r)=5g- 4| 2| -£1 () (")

-

Dfr)=5 ‘A -

. N2
G000 D(r) =S A 2| -gp(r)-dun(r)

BEST B(r)=3£-ﬁ- £, (0)-8,,(r)




Air-kerma strength, S;-. 1s the air-kerma rate, K s(d), in
vacuo and due to photons of energy greater than o. at dis-
tance d. multiplied by the square of this distance. d°.

Sp=Ks(d)d>. (2)
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TasLE II. Consensus g(r) values for six '*T sources. Interpolated data are boldface. and italicized data are nonconsensus data obtained from candidate
datasets.

Line source approximation Point source approximation

Amersham  Amersham Best NASI EBebig Imagyn
6702 6711 2301 MED3631-AM 125506 1512501  Amersham Amersham Best MNASI Bebig Imagyn
plem] L=30mm [=30mm [=40mm L[=42mm L[=35mm L=34mm 6702 6711 2301 MED3631-AM 125506 IS12501

0.10 1.020 1.055 1.033 1.010 1022 0.673 0.696 0.579 0.613 0.631
015 1022 1.078 1.029 1.018 1.038 0.509 0.853 0.725 0.760 0.799
025 L0224 1.082 1.027 1.030 1.093 0.929 0932 0.878 0.908 0.969
0.30 1.030 1.071 1.028 1.030 1.080 1.008 1.048 0.991 1.001 1.051
0.75 1.020 1.042 1.030 L.020 1.048 1.014 1.036 1.020 ; 1.012 1.040
1.00 1.000 1.000 1.000 . 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.30 0933 0.908 0.938 0.937 0.907 0.030 0911 0.945 0.942 0.912
2.00 0861 0.814 0866 0.857 0808 0.866 0819 0875 0.863 0.814
3.00 0697 0.632 0.707 0.680 0618 0.702 0.636 0.715 0.695 0.623
4.00 0553 0.495 0.555 0.538 0.463 0.557 0.400 0.562 0.543 0.457
500 0413 0.364 0.427 0.409 0.348 0.428 0367 0.432 0.413 0.351
6.00 0322 0.270 0.320 0.313 0.253 0.324 0272 0.324 0.316 0.255
00 0241 0.199 0.248 0.232 0.193 0.243 0.200 0.251 0.234 0.195
8.00 0179 0.14%8 0.187 0.176 0.149 0.180 0149 0.189 0.178 0.150
Q.00 0134 0.109 0.142 0.134 0.100 0.135 0.110 0.144 0.135 0.101
10.00  0.0979 0.0803 0.103 0.0957 0.073 0.0086 00809  0.104 0.0967 0076




TABLE V. F(r.#) for Amersham model 6711.

Polar angle
A (degrees)
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Tae1re X. F(r, &) for Theragenics Corp. medel 200, Italicized data are nonconsensus data obtained from candidate datasets.

v (cm)

Polar angle
# (degrees) . . ; 2
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TasLE XIII. Recommended nuclear data for T and '®Pd for brachytherapy dosimetry.

137 (half-life= 59 40+ 0.01 days) Y3pg (half-life=16.991+0.019 days)

Photon energy (keV) Photons per disintegration Photon energy (keV) Photons per disintegration
27202 0.406 20.074 0.224
27472 0.757 20216 0.423
30.98 0.202 22.72 0.104
31.71 0.0439 2318 0.0194
35492 0.0668 3975 0.00068

204 08 0.00003

3575 0.00022

4971 0.00004
Weighted mean energy=28.37 keV Total=1.476 Weighted energy=20.74 keV Total=0.7714

L5 Iy pay=0.0355 uGy-m*-h~*.Bg~! Vpd s py=0.0361 uGv-m*-h~*.Bq~!
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TABLE XV. Dose rates (c'Gj.r-h_l-U_'] as a function of distance for 8 brachytherapy sources vsing the 1D dozimetry formalism of Eq. (11) with interpolation
for grir) and da(r).

Amersham Amersham Best model WASI model Eebig model Imagyn medel Theragenics NAST model

¥ (cm) model 6702 model 6711 2301 MED3631-A'M 125.506 IS-12501 model 200 MED3633

0.5 4.119 3937 3.813 4112 3.922 3426 3014 3.184

1.0 0.995 0911 0.962 0.986 0.930 0815 0587 0.626

15 0.413 0.368 0413 0.420 0.398 0334 0.199 0.215

20 0.213 0.186 0.220 0.207 0.205 0.169 0.0837 0.0914

3.0 0.0768 0.0643 0.0783 0.0746 0.0733 0.0582 0.0206 0.0227

4.0 0.0344 0.0284 0.0347 0.0325 0.0323 0.0246 0.00634 0.00697

5.0 0.0169 0.0134 0.0171 0.0157 0.0157 0.0118 0.00221 0.00247

6.0 0.00890 0.00688 0.00908 0.00811 0.00840 0.00592 0.000846 0.000933

7.0 0.00490 0.00373 0.00506 0.00429 0.00459 0.00328 0.000342 0.000364




Source calibration traceabillity

“Direct traceability is established when either a source
or a transfer instrument ~e.g., well chamber is calibrated
against a national standard at an ADCL or at NIST
itself.”

“Secondary traceability is established when the source is
calibrated by comparison with the same radionuclide and
design that has a directly traceable calibration or by a
transfer instrument that bears a directly traceable
calibration.”

“Secondary traceability by statistical inference Is
established when a source is one of a group of sources
of which a suitable random sample has direct or
secondary traceability.”



The IsoRay Medical, Inc. Cs-131 seed is designed to produce a nearly isotropic dose
distribution. The radiation dose contour of the Cs-131 seed at a radius of 3 cm from
the source, taken from actual measurements, appears in the figure below.

IsoRay Medical, Inc. Cesium-131 Brachytherapy Seed
Model No. CS-1

The IsoRay Medical, Inc. Cs-131 brachytherapy seed consists of a welded titanium
capsule containing the low energy gamma (X-ray) emitting isotope, Cesium-131,

adsorbed onto an internal inorganic substrate. The seed configuration is designed to
generate near isotropic emission of therapeutic radiation.

Inorganic Substrate w/ Cs-131 Attached

Gold X-Ray Marker (0.25 mm dia)
Titanium Case (0.05 mm wall)

Laser Welded Ends
(0.10 mm wall)

i
%

Physical Characteristics

Principle Radionuclide: Cesium-131 (Cs-131)

Half-life of Cs-131 9.69 days (232.6 hr)
Radiation Energy: 29.5,29.8,33.6 keV

Half-Value Thickness:"” 0.025 mm of Lead

Decay Mode: Cs-131 decays by electron capture with the emission of

characteristic low-energy X-ray photons and electrons.
The electrons are absorbed by the titanium wall of the
seed.
Radionuclide Purity: >99.85% Cs-131
< 0.10% Cs-132
< 0.05% All other radioisotopes

The dose characteristics of the Cs-131 seed have also been confirmed through
extensive Monte Carlo evaluations in accordance with American Association of
Physicists in Medicine (AAPM) Task Group 43 (TG-43) guidelines ™. The Cs-131
seed has an anisotropy factor of 1.01 at 0.5 cm from the source and an average
anisotropy factor of 0.97. 4V

IsoRay Medical, Inc. Cs-131 seeds are available with apparent activities from 0.20
to 50.0 mCi [Air-Kerma strength 0.13 to 33 microGray meter squared per hour
(uGy m¥/h)]. ¥, AAPM guidelines for brachytherapy should be followed for
independent verification of source output.”” A certificate of analysis is provided
with each shipment that includes: customer order number, lot number. number of
seeds, reference date, implant date, and average and total activities expressed as
apparent activity (mCi) and Air Kerma strength (uGy m?/h) traceable to NIST
(National Institute of Standards and Technology). Additional information. including
patient and physician names, may be provided upon request.



HEDUNDANT SYSTENM FOR
SOURCE CHECKS










Hapsed Days Corect "Nat-So-Caredt”  Difference
t Decay Factar Decay Factor

6 0.955 0.936 2.1%




Haypsed Days Correct "Nat-So-Caredt”  Difference
t Decay Factar Decay Factor

6 0.955 0.936 2.1%

3 0.929 0.899 3.4%




Haypsed Days Carect "Nat-So-Caredt”  Difference
t Decay Factor Decay Fadtar

6 0.955 0.936 2.1%

3 0.929 0.899 3.4%

10 0912 0.875 4.2%




Hapsed Days Correct "Nat-So-Correct”
t Decay Factar Decay Factar

0.955 0.936

0.929 0.899




The Moral of the Story

Tolerances are important. Training
and experience.
Two checks are better than one.
Investigate discrepancies until you
can explain them away.



