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TG-76:  Patient-specific, large variability 

AAPM TG-76 Recommendation:   

Manage patient-specific motion for 

tumor excursion > 5 mm in any 

direction 



Patient-specific, multi-dimensional  



Clinically available MRI options 
ÁTriggering:  EE from external surrogate 

ÁInternal navigator:  EE from internal surrogate (typically 

liver/lung interface) 

ÁBreath-hold (BH):  can get you EE/EI, BUTé 

ïOften deep inspiration/exhalation (not natural) 

ïMRI scan times >>>CT scan times Ąmany BHs for patients 

ÁWe need a clinically useable solution to properly 

determine the 3D target volume 



MRI Cine Imaging 

ÁSingle slice acquisition  

ïAxial, sagittal, coronal 

ÁCan interleave but they are still not acquired at the 

exact same time 

ÁHigh temporal resolution (~1-10 fps) 

ÁCan image over many breathing cycles 

ÁTypically not susceptible to motion artifacts 

ÁYield overall excursion, but not out of plane motion  

 



Cine-MRI liver motion 

 
ÁAxial/sagittal/coronal 

Á5 mm thick T2-W 

Á1 fps over 60 s  

ÁResolution: 1.6-2.5 mm 
 

Median motion  

VCC:  13.3 mm 

VAP:  9.2 mm 

VML:  6.9 mm 

Kirilova, A., Lockwood, G., Choi, P., Bana, N., Haider, M. A., Brock, K. K., ... & Dawson, L. A. (2008). Three-

dimensional motion of liver tumors using cine-magnetic resonance imaging. International Journal of Radiation 

Oncology* Biology* Physics, 71(4), 1189-1195. 
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Cine-MRI pancreas motion 

5 MM 

Heerkens, Hanne D., et al. "MRI-based tumor motion characterization and gating schemes for 

radiation therapy of pancreatic cancer." Radiotherapy and Oncology 111.2 (2014): 252-257. 

ÁSagittal & coronal 

Á7 mm thick T2-W, 2 fps 

over 60 s  

ÁIn-plane resolution: 1.5-

2.0 mm 

V Coronal plane angulated so 

primary motion positioned in 

scan plane 

V Removed outliers w/95% 

 
 



Other Limitations:  State of the Art 

ÁMR-compatible equipment 

ÁSimilar to 4DCT:  external surrogates 

ÁInternal navigators being evaluated 

ïNo current correlation to clinically available 4DCT 

ÁSubject to sorting artifacts 

ÁMRI scan time >> CT scan time 

ÁCurrently evaluating 4DMRI for clinical use 

 



4DMRI Acquisition 

ÁSingle shot T2W-TSE 2DMS 

ÁProspective amplitude-based triggering1 

ïExternal surrogate (air-filled cushion) 

ïAcquires images at specific phases 

ÁImplementing on 1.0T Open Magnet 

Magnet prep + training 

Y. Hu, S. D. Caruthers, D. A. Low, P. J. Parikh, and S. Mutic, "Respiratory Amplitude Guided 4-Dimensional Magnetic 
Resonance Imaging," International Journal of Radiation Oncology*Biology*Physics 86, 198-204 (2013).1 



Coronal 4D-MRI 



Clinical Questions 

ÁHow many 4DMRI phases do we need? 

ÁIs the algorithm reproducible & robust? 

ÁIs it efficient enough for the clinic, and if not, how 

can we improve the efficiency? 

 



Initial Evaluation:  Equipment 

In-house LegoTM   

Phantom 
QUASARÊ MRI-Compatible 

Respiratory Motion Phantom  

Glide-Hurst, C. K., Kim, J. P., To, D., Hu, Y., Kadbi, M., Nielsen, T., & Chetty, I. J. (2015). 

4DMRI Optimization and Implementation for MRI Simulation. Accepted, Practical Radiation 

Oncology (2015). 
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We needed to 

develop 

MATLAB 

software to 

make AVG, MIP, 

MinIP datasets 

Å 2, 4 phases may underestimate volume 

ÅAcquisition time increases with: 

ÅIncreased phases 

ÅSlower breathing rates 

ÅIrregular breathing patterns 

Å 8 phase:  best trade-offs for acquisition time, 

temporal resolution, and volume assessment 


