
Determination of air-kerma strength 
for the 192Ir GAMMAMED Plus 

pulsed-dose-rate brachytherapy 
source 

Dwayne Riley 
 
 

Under the supervision of Professor Larry DeWerd 
 
 

University of Wisconsin – Madison, Department of Medical Physics 
Medical Radiation Research Center 

 
 

North Central Chapter AAPM Meeting 
October 6th, 2012 



Outline 

◾ Introduction 

 

◾ Motivation 

 

◾ Methods 

 

◾ Results 

 

◾ Conclusions 



Pulsed-Dose-Rate (PDR) 
Brachytherapy 

 

◾ Established form of brachytherapy since 1981 

 

◾ Simulates low-dose-rate (LDR) brachytherapy, 
with high-dose-rate irradiation* 

 

◾ Treatment of prostate, breast, and head and neck 

 

 

*A. Polo, “Pulsed dose rate brachytherapy,” Clin. Transl. Oncol. 10, 324-333 
(2008) 



Similarities to HDR 

 

◾ Utilizes a remote afterloader 
system, similar to HDR 

 

◾ Delivers dose in 10 minute 
pulses once per hour 

 

◾ Prescribed dose typically 
ranges between 40.2 and 50.0 
Gy 

 

 

 

 

 



Active Source Comparison 

Active source comparison of HDR (top) and PDR.* 

 

 

 

     *Jeffery F. Williamson and Zuofeng Li. “Monte Carlo aided dosimetry of the 
microselectron pulsed and high dose-rate 192Ir source," Med. Phys 22 , 809-819 (1995) 



Motivation 

◾ Clinical measurement discrepancies from 
UWADCL-calibrated well chambers showed a 
>3.5% difference from the manufacturer’s 
certificate  

◾ UWADCL maintains the interim air-kerma strength 
standard in the United States for HDR 
brachytherapy* 

◾ Purpose: To determine a more accurate air-kerma 
strength for the 192Ir PDR brachytherapy source to 
provide a NIST traceable standard 

     *S. J. Goetsch, F. H. Attix, D. W. Pearson, and B. R. Thomadsen, “Calibration of 192Ir 
high-dose-rate afterloading systems," Med. Phys. 18 , 462-467 (1991) 



Methods 

◾ Air-kerma strength 
measurements made in 
transfer standard well 
chambers at the UWADCL 
including: 

◾ Two original UW Attix 
chambers, which have been 
used since 1990 for 
maintenance of the 
UWADCL interim standard  

◾ One prototype HDR1000 
Plus, used since 1994 

 

 



Seven-Distance Measurements 

◾ Nominal distance of 10 
cm, to account for 
geometrical dose fall-
off 

◾ Seven charge readings 
taken from 10 cm to 40 
cm in precisely known 
increments of 5 cm 

◾ Additional trials with 
measurements taken 
at 2 cm and 3 cm 
increments 

 

 

      B. E. Rasmussen, S. P. Davis, C. R. Schmidt, J. A. Micka, and L. A. DeWerd, “The Air- 
Kerma Strength Standard for 192Ir HDR Sources," Med. Phys 38 , 6721-6729 (2011) 



Source Comparison 

◾ UWADCL standard well chambers were designed 
for HDR brachytherapy 

 

◾ GAFCHROMIC® EBT2 radiochromic film used to 
compare the dose distribution of PDR and HDR 
sources 

 

◾ Polar anisotropy of the two sources were compared 
with Monte Carlo simulations using MCNP5 code 

 

 

 

 



Results 

 

Technique 

S
k 

(mGy·m2/hr) 
∆ 

vs Mfr  
∆ 

vs 7D 

Mfr’s Certificate 4.564 - +0.44% 

UWADCL 

Standard Well 

Chambers 

 

4.705 ± 0.1% 

 

+3.1% 

 

+2.6% 

7-Distance 

Measurements 

4.584 ± 1.5% +0.44% - 



Dose Distribution 

A comparison of PDR and HDR dose distributions using GafChromic EBT2 film. 

 

 

PDR brachytherapy HDR brachytherapy 



Conclusion 

◾ Discrepancies in air-kerma strength calibration of 
PDR sources using well chambers calibrated with 
conventional HDR sources are most likely due to 
differences in source geometry and resulting 
anisotropy 

◾ EBT2 measurements highlight the PDR point source 
characteristics compared to the line source geometry 
of the conventional HDR sources. This subtle 
difference affects the response of the well chamber 
with respect to the in-air Seven distance determined 
air kerma strength 

◾ This has been verified by MCNP5 simulations 

 

 



Sk Determination 

 

◾ To obtain a PDR source air-kerma strength value 
using a well chamber calibrated at an ADCL with 
a conventional HDR source, the calibration 
coefficient should be multiplied by 0.974 

 

 



Future Research 

◾ Investigate TG-43 parameters for PDR 
brachytherapy, to include: 

◾ Dose rate constant, (Λ) 

◾ Radial dose function, g(r) 

◾ Anisotropy function, F(r,θ) 

 

◾ Development of an international consensus air-kerma 
strength standard among primary and secondary 
standards laboratories 
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