
F. MOURTADA, PHD, DABR, FAAPM
CHRISTIANA CARE, NEWARK, DE

ADJUNCT ASSOCIATE PROFESSOR
MD CANCER CENTER, HOUSTON, TX &
THOMAS JEFFERSON UNIVERSITY, 
PHILADELPHIA, PA

Recent Advances in Brachytherapy 
Dose Calculation Methods ς

The Need for Standardization is 
Now More than Ever! 

CIRMS Conference April 29, 2015



Disclosure

ÅMember of AAPM TG-186

ÅMember of AAPM Working Group -
WGMBDCA



Learning Objectives
ÅReview of brachytherapy approaches. 

ÅDescribe the dosimetricuncertainty in 
modern brachytherapy.

ÅReviewthe AAPM TG-186 and WGMBDCA 
guidelines to commission modern dose 
calculationengines.

ÅIdentify factorsrequiringstandarizationto 
achievedosimetricconsistencyamongclinics.
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Common Past/Present  Radionuclides in 
Brachytherapy(LDR/HDR)

Radionuclides T1/2 Eavg(KeV)

226Ra 1,622 y 830

60Co 5.26 y 1,250

137Cs 30 y 662

192Ir 74.1 d 380

198Au 2.7 d 410

131Cs ~10 d 29

125I ~60 d 28

103Pd ~17 d 22

Low E (<50 keV)

F. Mourtada, Ph.D.

+eBT



From Multiple Sources/Manual Loading to a 
Single Source/Afterloading

Ra-226 Tubes (manual) ĄCs-137 Tubes (manual) ĄCs-137 
Pellet LDR (afterloading) Ą Ir-192 PDR/HDR (afterloading)

F. Mourtada, Ph.D.



HDR/PDR Remote Afterloader

HDR: 10 Ci
PDR: 1-2 Ci

F. Mourtada, Ph.D.



ICBT- Gynecology

Intracavitary: Places radioactive sources within a body 
cavity (cervical cancer)
LDR (temporary, 48hrs) or HDR (temporary, minutes)

F. Mourtada, Ph.D.

Fletcher
Cs-137
Manual
Loading



Recently Introduced Applicators
CT/MR (HDR/PDR Afterloader)

Shielded ovoids

Utrecht Interstitial Fletcher Fletcher Shielded Interstitial Ring



Interstitial Examples

Å Interstitial

ïPermanent

ÅGU - prostate 

(I-125, Pd-103, Cs-131)

ÅGYN - pelvic side wall 
(Au-198)

ÅGI - rectum (Au-198)



CLINICAL APPLICATION 
TO APBI (ACCELERATED PARTIAL BREAST IRRADIATION)



Surface (Topical)

Places the radioactive sources on top of the 
area to be treated (choroidalmelanoma)

Temporary:  ~72hrs (LDR)

A custom-made radiation
plaque. On the left is the
inside of a plaque with the
radiationseeds. Onthe right
is the gold coating on the
outsideof the plaque.

F. Mourtada, Ph.D.



Skin Surface Applicators
Ir-192 HDR

Freiburg Flap Leipbzig(shielded)



New BT Sources
Å How sensitive is dosimetry for novel radionuclides and eBT to

material heterogeneities (and general differences with TG-43)?

Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)

103Pd 21 keV
125I 28 keV
131Cs 30 keV

Xoft 29 keV

esteya41 keV

192Ir  0.3 MeV 60Co  1 MeV

153Gd 61 keV
170Tm 66 keV
169Yb 93 keV
101Rh 121 keV
57Co 124 keV

Slide from Rivard



New BT Sources

ñDose-rate falloff differencesò as a FN of E

Luxton and Jozsef, Med Phys 26, 2531-2538 (1999)

153Gd 61 keV
170Tm 66 keV
169Yb 93 keV
101Rh 121 keV
57Co 124 keV

Xoft 29 keV

esteya41 keV

103Pd 21 keV
125I 28 keV
131Cs 30 keV

established

sources

novel

sources

dose increase

due to

radiation scatter

Slide from Rivard



Brachytherapy Dose Calculation
(i.e. since 1995)

ÅTG43 formalism is the standard methodology for dose 
calculation.

ÅTG43 was created primarily for interstitial low energy 
brachytherapy purposes.

ÅDose calculation is done assuming material is uniform water 
phantom.



History

Å1995 ςTG43 (I-125, Pd-103)
ïProvided recommendations for dose calculation 

for low energy source dosimetry (E<50keV).

Å2004 ςTG43U1 
ïClarifications, 1D vs2D formalism, etc.

Å2007 ςTG43U1S1
ïIncreased number sources, etc.

Åнлмл ά9ǊǊŀǘǳƳέ ƻŦ ¢Dпо¦м{м



Prior to TG-43:
Sievert Integral Source Geometry



Consensus Data Sets

ÅReport gives recommendations on how to 
experimentally and theoretically obtain 
dosimetric parameters for sources.

ïExperimentally: detector type, volume averaging 
effects, phantom materials, energy response 
characterization, etc.

ïTheroetically (MC): Cut off thresholds, good 
practice guidelines (e.g. # of histories)

ÅUncertainty analysis



Clinical Source Registry Available

Å3 current source registries available

ïIROC- Houston (RPC)

ïCarlton University (CAN)

ïESTRO



High-Energy Brachytherapy Sources-examples


