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MR-LinacSystems

ÅIntegrated MR-Linacsystems are a rapidly emerging 
technology
ÅFirst patient treatment in 2017

ÅToday, over 40 centers treating patients with MR-Linac
technology

ÅBenefits of on-board MRI include:
ÅImproved soft tissue contrast

ÅMotion management based off of real-time 3D imaging

ÅEnables adaptive radiotherapy

ÅFunctional/biological image guidance and dose painting



The Challenge

ÅBuilding an implementing an MR-Linacprogram presents new 
challenges for radiation oncology departments and physicists:
ÅInstallation/siting

ÅMachine commissioning

ÅBuilding a program

ÅFor many departments, installing an MR-Linacalso means:
ÅStarting an adaptive radiotherapy program

ÅPerforming new methods of motion management

ÅDeveloping an MR safety infrastructure



Guidance to help us

ÅLinacCommissioning/Calibration Guidance
ÅAAPM TG-142 Report
ÅAAPM TG-51 Report

ÅMR Commissioning Guidance
ÅAAPM MR TG-1 Report
ÅACR MRI Quality Control Manual

ÅManufacturers tests

ÅPublications from early users 

ÅAAPM TG-100 Report

Need to adapt information 
from multiple sources to the 
capabilities of the machine 
and how it will be used



Outline For the Remainder

ÅIntroduction to Current MR-LinacSystems

ÅFacilities/Safety issues

ÅCommissioning Challenges

ÅProgram Building



MR LinacSystems



MR-LinacSystems

ÅTwo current commercially available systems
ÅElekta Unity
ÅViewRayMRIdian

ÅSeveral in development
ÅMagnetTx
ÅAustralian MRI-Linacprogram

ÅDifferent design decisions between these systems
ÅField strength
ÅField orientation
ÅLinacdesign



Elekta Unity

ÅBased on a 1.5T Philips MR (70 cm bore)

Å7MV Linacmounted outside the magnet cryostat 
(143 cm SAD, perpendicular to B field)

ÅActive shielding used to create a torus of low 
field for the linaccomponents

ÅEPID imager and Agility MLC

ÅPlan adaptation for virtual patient shifts

elekta.com

Raaymakerset al., Phys Med Bio., 2009 Jun 21;54(12):N229-37.



ViewRayMRIdian

ÅUses a 0.35T split magnet MRI (70 cm bore)

Å6MV FFF Linacmounted on gantry ring between 
magnet poles (90cm SAD, perpendicular to B field)

ÅPassive shielding sleeves 

Å3 degree of freedom couch

ÅDouble-focused double-stacked MLC (4.15mm 
effective leaf width)



Facility and Safety Challenges



Facility Concerns

ÅNeed a room shielded for both MRI and Radiation 
Therapy (RF cage inside radiation bunker)

ÅAll connections (including physics QA) need to pass through 
an RF filter panel or waveguide

ÅBunker needs to contain minimal ferrous material
ÅCan impact MRI shimming

ÅHigh density concrete often uses magnetite as an aggregate 
(ferromagnetic), so need to use alternatives (e.g. hematite)

ÅNeed to consider steel/rebar (use stainless steel or fiberglass 
near magnet)

ÅNeed to plan a route for an MRI quench pipe



MRI Safety

ÅDefining MRI safety zones and
access controls
ÅZone I: General public access
ÅZone II: Interface area
ÅZone III: Controlled access
ÅZone IV: Magnet room

ÅMay impact other machines or areas of the clinic 
ÅCan lead to beam property changes (Periket al. PhiRo2017, Vol 4 P12-20 observed 

4% symmetry changes)

ÅNeed a program for staff, device and patient screening
ÅMany implants or devices are not tested in MR-linacconditions (non-standard field 

strength, or cine scan length)
ACR Manual on MR Safety v1.0 (2020)
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety

https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety


MR-LinacCommissioning



Key Differences

Compared to a standard linac:

ÅDifferent geometry/mechanical configuration

ÅMagnetic field impact on dosimetry

ÅLimitations on commissioning equipment

Compared to a standard MRI:

ÅLimited set of MR sequences 

ÅEmphasis on geometric accuracy

ÅImpact of linaccomponents on MR imaging system

New Capabilities

ÅCine MR motion management

ÅOnline adaptive radiotherapy



Mechanical

ÅMany standard linacŎƻƳƳƛǎǎƛƻƴƛƴƎ ǘŜǎǘǎ ǿƻƴΩǘ ŀǇǇƭȅ  
(e.g. couch rotation, collimator rotation, light field etc.)

ÅNon-standard SAD (90cm for MRIdian, 143 for Unity) and field sizes

ÅWill vary depending on the specific MR-linacmodel



DosimetricEffects of the Magnetic Field

ÅTrajectories of secondary electrons are affected by 
the Lorentz force of the MR imaging system

ÅDepends on the magnetic field orientation

ÅLeads to a change in dose distribution, particularly at 
ƛƴǘŜǊŦŀŎŜǎΥ ǘƘŜ ά9ƭŜŎǘǊƻƴ wŜǘǳǊƴ 9ŦŦŜŎǘέ

Raaijmakerset al.2005 Phys. Med. Biol.50 1363-76

Perpendicular B FieldB=0



Impact on Treatment Plans

ÅThe electron return effect may (or 
may not) impact treatment plans 
depending on:
ÅField Strength

ÅField Orientation

ÅPatient anatomy

ÅPlan Geometry

ÅNeed to verify the effect is 
accurately modeled in the TPS

Kirkbyet al.2010 Med Phys 37(9):4722-32



Impact on Detectors

ÅReadings from ionization chambers and diodes 
can also be impacted by the magnetic field
ÅBoth measured value and point of measurement

ÅEffect is greater for larger volume chambers, 
and depends on magnetic field

ÅOrientation dependent (relative to B field)

ÅNeed to use care in selecting an ionization 
chamber

Spindeldreier et al.2017 Phys. Med. Biol. 62 6708
Pojtinger et al 2018 Phys. Med. Biol. 63 11NT03



Equipment Limitations

ÅStandard QA equipment may not work or could 
be a safety hazard

ÅSome commercial MR-compatible QA devices 
are now available

ÅSolutions:
ÅDevelop processes for assessing equipment that 

may not be MR labeled
ÅBudget for the purchase of MR-compatible QA 

equipment
ÅPlan time for developing tests/re-purposing 

phantoms
ÅUse alternative methods (e.g. film)

Open Source 1D Scanning Tank
See ePosterby Guthier et al. PO-GeP-T-104

Radiation/MR Isocenter check based on ViewRay
Daily QA Phantom w/ 3D printed insert


