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System Specifications - Imaging
• Superconducting split‐bore magnet 

• 28 cm central gap - 0.35 T

• Geometric Accuracy: 1 mm < 20 cm / 2 mm 
< 35 cm diameter sphere

• 3D volumetric acquisitions (35x35x35 cm) 
with an SNR > 30 (23 sec)

• Cine planar acquisitions every 250



Can we really see anything at 0.35T?
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iPhone.  Jobs, et al.



Image Quality

3D Volumetric images of patient: bladder cancer



MR Guidance for Treatment of 
Soft Tissue Disease
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MR Guidance for Treatment of 
Soft Tissue Motion
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Specifications – Mechanical
3 Gantry Heads: 120 degrees of separation 

Gantry Rotation: ± 60 degrees from its zero 
position for treatment mode, ± 120 degrees for 
physics mode.

Gantry Bore: 70 cm



System Specifications - MLC
MLC Geometry

60 leaves, two opposing banks of 30 leaves 

27.3 cm x 27.3 cm field sizes

1.05 cm leaf resolution at the nominal isocenter
distance of 105 cm

doubly divergent design

leakage: < 0.375%



Welcome Back Co-60
Dose Rate

600 cGy / minute, ~ 200 
cGy/min/15,000 Ci source at 105 cm

Penumbra

9 mm - distance between the 20% 
and 80% isodose lines for a 10 cm x 
10 cm field measured at a depth of 
10 cm with a 105 cm TSD
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MRI Guidance Delivery Techniques
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Over 500 patients 
treated across first 4 
customers
• WUSTL
• UW-Madison
• UCLA
• Seoul National



RT challenges in 

presence of magnetic field
MRI image formation assumes linear field gradients

 nonlinearities can distort images
 Field strength independent
 QA is needed to check this during clinical use.

The patient’s tissues can locally change the magnetic 
field leading to “magnetic susceptibility artifacts”

 Tissues have paramagnetic or diamagnetic nature
 Increases with magnetic field strength

The chemical environment can change the precession 
frequency leading to “chemical shift artifacts”

 C-H and O-H Hydrogen has different chemical environment 
and different precession rates

 Increases with magnetic field strength



How is Dose Influenced by Magnetic 
Fields?

Photon transport is unperturbed by magnetic field
 polarization of spins could influence interaction cross 

sections (Zeeman effect)

 polarization is in competition with thermal excitations

 the energy difference between the spin states due to the 
Zeeman effect is very small in comparison with the average 
thermal energy of about 0.04 eV at 300K temperature 

 Radiation source is much hotter by 100’s of K

 At 1 Tesla, the fraction of nuclei polarized are ~ 4 ppm

 Practically, the atomic level physics is unperturbed by 
external 

Electron transport experiences drift due to magnetic 
field (Lorentz force)
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Distortion of Radiation Dose from 
the Lorentz force
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Raaysmaker et al. Phys. Med. Biol. 
49 (2004) 4109–4118

Raaijmakers et al. Phys. Med. Biol. 
50 (2005) 1363–1376

The radius of gyration for 1 MeV 
electron 

 1.5 T  0.2 cm

 0.35 T 1.0 cm



Competition: large angle scattering 
MFP vs. radius of gyration 
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0.0 T 0.35 T 1.5 T

Scrolling 
from 
0.0 T to 7.0 T



Diode Measurements of Radiation 
Dose in Magnetic Field
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Diode Measurements of Radiation 
Dose in Magnetic Field
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@ 0.35 T Dose Perturbations are negligible

but accounted for by Monte Carlo



Clinical Workflow:  Automatically 
Identify & Locate Tissue

Slide provided by ViewRay



Predict Dose



Optimize New Plan



MRTC Workflow

Acquire Daily 
3D Image

Register
Copy/deform/
edit contours

Treatment 
Plan Image

Select 
tracking plane

Review / 
Modify Target 

Contour

Preview Cine

Treatment 
Delivery

Apply Shift 
and Adjust 

MRTC 
Criteria

Position 
Adjustment 
Required?

Is 2D 
adjustment 
adequate?

YesYes

No No



Lung Cancer Motion and Targeting 
with MRI Guidance
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 MRI allows us to 
continuously ensure 
treated area is within the 
treatment area

 Radiation is only on when 
the target is within the 
radiation field

 Deep breath expands lung 
so less normal lung treated
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Pancreas IMRT with breath hold gating
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Pancreas IMRT with breath hold gating
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Pancreas IMRT with breath hold gating
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Stereotactic Ablative Liver Metastasis Radiation

Patient driven repeated 
breath-hold technique 
with a high duty cycle

Radiation beam is only on 
when tumor is in proper 
position 

Contrast used to highlight 
the tumor and allow daily 
tracking

Unique to be able to see 
and track actual tumor 
(not a surrogate) in 
realtime

MRI Tracking During Treatment50Gy in 5 Fx
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Quality Assurance
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Quality Assurance - MLC



Quality Assurance - MLC



Quality 
Assurance

Radiation 
Isocenter(s)



Dosimetric Consistency with RealTargeting –
Conformal Plan

Test Item
Measured 
values Disposition

Measured dose without motion. Stationary 
Chamber (nC)

Target Chamber 
(nC)

7.03

Measured dose with measurement Stationary 
Chamber (nC)

Target Chamber 
(nC)

7.12

Dose difference between with and without target 
motion ≤ 3%

Stationary 
Chamber (% diff)

☐ Meets 
Criteria

☐
Nonconformin
g

Target Chamber 
(% diff)

1.3%Describe:

Quality AssuranceSystem Latency
Trigger beam hold within 500 msec of target moving outside pre-
defined boundary
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Quality Assurance



Verification of Dose during MRTC



Phantom Motion 
2 cm motion at 6 second periods (10 bpm)

(~ 10 mm/sec speed)
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Verification of Dose during MRTC
Dosimetric Consistency with RealTargeting – Conformal Plan

Test Item Measured values

Measured dose without motion. Target Chamber 
(nC)

7.03

Measured dose with motion Target Chamber 
(nC)

7.12

Target Chamber 
(% diff)

1.3%



CT

MRI

Spatial Distortion

Calaboration with CIRS



Red = 0–19 mm, Yellow = 19–38 mm, Green = 38–57 mm, Cyan = 57–76 mm, 

Black = 76–95 mm, 5 mm Axial Resolution, Blue line represents pixel spacing

ViewRay 3-D Spatial Distortion

Calaboration with Antolak & Jackson



Conclusions

• Our clinic finds the ViewRay MRIdian to 
be highly accurate clinical tool

• MRTC allows visualization of targets and 
OARs during entire treatment 

• Robust QA of MRTC possible
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Cobalt 60 X 3

DU Heads X 3

MLC’s X 2

Heavy Gantry X 1 
Install & Other

Linac Sub-
system*

Recently Announced Linac System

*Technology in development. Descriptions and performance subject to 

change. Not available for sale or clinical use in the United States or for clinical 

use elsewhere.




