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Despite popular belief kilovoltage x-rays 
can go a long way (in therapy)

Magdalena Bazalova-Carter 

University of Victoria, Physics & Astronomy Department, Victoria, BC, Canada
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Kilovoltage x-rays
Diagnostic imaging How about radiation therapy?

low machine outputhigh tissue attenuation
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Design by Precision RT

Kilovoltage arc therapy (KVAT)
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Breitkreutz et al. Med Phys 2017
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SBDX

source

KVAT

source

Bazalova et al. Med Phys 2012

Bazalova-Carter et al. Med Phys 2017

200 kV beam
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RadifyMonte Carlo simulations

Treatment planning
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• Our collimators are designed to deliver spherical dose distributions 

• Real targets are never spherical (unfortunately)
• Sphere packing is applied to cover irregular targets (similar to CyberKnife of 

GammaKnife)

Lung patient KVAT

Reflection target
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Breitkreutz et al. Biomed Phys Eng Express 2019

Lung patient 

ribs

esophagus

Treatment time for 12 Gy/fx: 49 minutes (3 subvolumes). 
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Proof-of-concept experiment
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Breitkreutz et al. 2020 (in preparation)

6 cm

10 mm6 mm 

160 kVp, 13 mA, 5 minute irradiation 
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Proof-of-concept KVAT experiment
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MC validation 

target-to-skin ratio = 17

TIVAR

20 cm

0.36 Gy/min

target-to-skin ratio = 4

solid 
water

6 cm

2.09 Gy/min
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• Conventional dose rate ~0.03 Gy/s 
• FLASH dose rate ~40 Gy/s 
• Usually delivered with a 4.5 – 6 MeV      
e-beam using high-output linacs

20 Gy FLASH dose
Hair depigmentation, but
no epilation or skin ulceration

Favaudon et al., 2014
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Ultrahigh dose-rate radiotherapy (RT)
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3 kW 6 kW

Magdalena Bazalova-Carter 2020 AAPM/COMP Annual Meeting 10

X-ray tube output
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b)	

• Increases with tube current (~mA)
• Increases with tube voltage (~kVp2)
• Decreases with distance from focal spot

~35 mm ~35 mm
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Ultrahigh dose-rate RT with x-rays
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2D dose Depth dose Energy spectrum

111 Gy/s

152 Gy/s • Shallow depths
• cells, small detectors

• Soft spectrum
• cell and detector response

Bazalova-Carter and Esplen, 2019
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Experimental validation
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b)	Experimental	 SimulaAons	
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b)	

• EBT3 films in phantom
• 1 mA tube current
• 30 s exposure
• films at depth

2D dose profiles

< 5% difference away from heel effect
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Shutter system
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electrons

• Expected ~300 Gy/s.
• Ultrahigh dose-rate 
experiments possible.

cells
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• Despite popular belief kilovoltage x-rays can go a long way (in 
radiation therapy)

• Radiation therapy with the kilovoltage x-ray arc therapy (KVAT) 
system might be possible
– low dose spread out over a larger volume compared to VMAT
– treatment times ~15 minutes per isocenter

• Ultrahigh-dose rate irradiations can be performed with conventional 
x-ray tubes
– limited treatment depths
– soft spectrum
– can be pulsed with a shutter system
– useful for dosimeter evaluation

Conclusions
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Thank you!
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