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Learning objectives

1) Review MRgIMRT dosimetry challenges

2) Learn a hybrid approach: experimental and computational dosimetry

3) Review future developments
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MRIDIAN-Cobalt system
3 Co-60 sources (120 degrees apart)

Dose rate: 550-600 cGy/min from all 3

15,000 Ci each (maximum)

Maximum field size = 27x27 cm2

Bore size = 70 cm

0.35-Tesla split magnet

Strong enough to produce quality images 
but minimal dosimetric effect of MR field

Volumetric imaging

20 sec

Volumetric images: 1.6x1.6x3 mm3

50 cm field-of-view

Cine sagittal imaging

4 frames per second (single plane)

3.5x3.5x7 mm2
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May 14, 2018

MRIDIAN-Linac system
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Raaijmakers. et. al., PMB 2008

Magnetic field affects radiation transport
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Commissioning an MRgIMRT system is challenging
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• IROC-Houston >250 H&N 

phantom irradiations performed 

from 2012 to 2016

• Nearly 1 in 5 institutions found 

to have TPS errors in their IMRT 

calculations

• Need for careful beam modeling 

and calculation in the TPS

“Stock” data is not reasonable in every case
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Relative 3% global dose difference/3 mm DTA gamma metric 
NOT sensitive enough
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Advanced dosimetry methods

Nelms et al. Med Phys 2013
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Commercially available dosimetry systems
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3D PRESAGE/ Optical CT dosimetry: Wash U-Duke
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Dosimeter response: vertical and lateral shifts
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Ionization chamber: angular dependence
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Ionization chamber: perturbation
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EBT3 radiochromic film
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ArcCHECK-MR diode array
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ArcCHECK-MR diode array: correction factors
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Delta4-MR diode array

❑ Device’s feet taken off

❑ Adaptations made to the network sockets

❑ Power supply cables extended to 

position the power supply outside of the 

5 gauss line
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Wooten et al, Radiother and Oncol 2015

TG-119 results
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Film measurements: C-Shape
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Ionization chamber/HN Box measurement

❑ 102 measurements

❑ Mean difference: 0.0% ± 1.3%

❑ Range: -3.0% to 2.9%

Li et al, IJROBP 2015
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Film TPS Gamma

Radiographic film measurements

❑ 30 measurements

❑ Mean passing rate (relative 3%/3 mm): 94.6% ± 3.4% 

❑ Range: 87.4% to 100%. 

❑ Stacked film measurement provides a much larger sampling of 3D dose 

distribution than an IC measurement
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ArcCHECK

Plan

Gamma

ArcCHECK-MR measurements

❑ 34 measurements

❑ Mean gamma passing rate: 98.9% ± 1.1%
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ArcCHECK-MR measurements



8/2/2018

10

Department of Radiation Oncology
Medical Physics Division

ArcCHECK-MR measurements: MR-LINAC

3%/ 3 mm

2%/ 2 mm
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Machine delivery file QA: dynalog

Tolerances

Gantry: 0.5 degree

MLC : 2 mm

Beam-on time: 0.2 sec 

2D fluence

Percentage of the pixels with delivery 

errors less than 2% of the maximum 

fluence in the field

Department of Radiation Oncology
Medical Physics Division

3D PRESAGE/OCT

Rankine et al, IJROBP 2017
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Electron return effect: single AP field
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Electron return effect: AP/PA
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Heterogeneity IC measurements

Tumor and lung IC points

n = 56

Mean = 0.995 ± 0.016
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Limitation of experimental dosimetry

• Quantitative water-equivalent dosimeters limited

• Setup and calibration errors

• Hybrid approach: a computational system to 

complement the experimental approach

Adding another layer of confidence

• Only Monte-Carlo method capable of dealing with 

radiation transport in a magnetic field
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gPENELOPE

❑ PENELOPE (Penetration and ENErgy LOss of Positrons and Electrons): a general-

purpose, accurate open source Monte-Carlo engine 

❑ Original code slow and not support multithreading

❑ Translated PENELOPE from FORTRAN to C++ and validated that the translation 

produced equivalent results 

❑ Adapted the C++ code to CUDA in a workflow optimized for GPU architecture 

❑ Expanded upon the original code to include voxelized transport in a magnetic field

❑ Incorporated the vendor-provided MRIdian head model into the code

❑ Performed a set of experimental measurements to examine the accuracy of both the 

head model and gPENELOPE
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gPENELOPE DoseViewer
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PDD and off-axis profiles
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Output factors

Department of Radiation Oncology
Medical Physics Division

Point dose comparisons



8/2/2018

14

Department of Radiation Oncology
Medical Physics Division

2D film measurements
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Gamma and z-score 
comparisons
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MLC performance

• Leaf transmission

• Tongue and groove

• Positioning accuracy

• Leaf speed

• Leaf penumbra

• Output factor

• Reproducibility

• Modeling

Single stack/ double focused for cobalt Double stack/double focused for Linac
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Gated MRgIMRT
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MRI-LINAC

• Radiation field characterization

• Radiation transport in a magnetic field

• Monte Carlo dose calculation

• Dosimeter development

• Online adaptive IMRT optimization

• Real-time dosimetry QA

• Dose accumulation: QUANTAC
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A ‘Game Changer’ for Patients With Irregular Heart Rhythm
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