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Patient Imaging Dose From IGRT 

Why do we care? 

• ALARA – As Low As Readily Achievable 

• Must be benefit of dose with minimal risk 

 “Image Gently” – most quality for least dose 

• Pediatric patients, other sensitive populations 

• Medical devices (implanted pacemakers, etc) 

• Note: CBCT FOV likely larger than SBRT fields 

Patient Imaging Dose From IGRT 

Important questions 

• Does imaging dose matter relative to radiation 

treatment dose? 

• What is its distribution? 

• Can we compute it correctly? 

• How shall we record it and does it add to 

therapeutic benefit? 



CT Dose in kV Diagnostic Imaging 

• A great debate in CT imaging – how much dose is 

acceptable, and how to measure it 

• Numerous dose representations, and diagnostic 

dosimetry is different from therapy dosimetry – 

but it should NOT be different – it is all dose 

• Main concern is the large number of individuals 

that receive CT dose – dose is relatively low, but 

to a large percentage of the population 

“Population Dose”    Risk ~ 0.05 deaths/Sv-person 

• NCRP Report 160 



Deterministic Radiation-Induced Morbidity 
Dose Thresholds and Time of Onset 

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 

Dose Metrics 

Diagnostic CT 

• Volume CTDI 

(CTDIvol) 

 

• Dose Length 

Product (DLP) 

 

• Effective Dose (E) 

McCollough et al., Radiol Clin North Am. 2009 January ; 47(1): 27–40. 



AAPM Report No. 111 (Non-CTDI) 

 

AAPM TG-61: X-ray Dosimetry 

 



X-ray Dose Process in kV CT 

      Single beam       Multiple beams 

M McNitt-Gray, RadioGraphics 2002; 22:1541–1553. 

X-ray Dose Process in kV CT 

 Body        Head

   

M McNitt-Gray, RadioGraphics 2002; 22:1541–1553. 



kV CBCT Dose Calculations, First Done 

• Used Pinnacle RTP 

• Bone corrections 

Alaei P. Review of the Doses from Cone Beam CT and Their Inclusion in the Treatment 
Planning https://www.medicaldosimetry.org/pub/39774274-2354-d714-51f0-8be87ec1b43b 

MV vs kV X-ray Percent Depth Dose 

 



kV vs MV Imaging Dose 
PE vs CE; higher Z  higher dose: Bone! 

 

 

Ding G, X-ray Imaging Dose to Therapy Patients, 
http://www.aapm.org/meetings/amos2/pdf/60-14838-42385-312.pdf  
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Ding G, X-ray Imaging Dose to Therapy Patients, 
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kV dose 

estimates 

in 3D RTP 

 

Kim S and Alaei P.  J App Clin Med Phys 17(2): 153-164 



 

Pawlowski JM and Ding GX. An algorithm for kilovoltage x-ray dose calculations with 
applications in kV-CBCT scans and 2D planar projected radiographs, PMB 59: 2041-2058 (2014) 

Measured Dose vs 

Monte Carlo Calc 

 

Rampado et al.: Dose indicators and organ doses in radiotherapy CBCT. 
Med Phys 43(5): 2515-2526 (2016) 



Measured Dose vs 

Monte Carlo Calc 

 

Rampado et al.: Dose indicators and organ doses in radiotherapy CBCT. 
Med Phys 43(5): 2515-2526 (2016) 

Dose Calculation Accuracy for kV 

CBCT, MV CBCT and MV CT 

 

Held M, Cremers F, Sneed PK, Braunstein S, Fogh SE, Nakamura J, Barani I, Perez-Andujar A, Pouliot J, 
Morin O. Assessment of image quality and dose calculation accuracy on kV CBCT, MV CBCT, and MV CT 
images for urgent palliative radiotherapy treatments. JACMP 17(2): 279-290. (2016) 



 

Held M, Cremers F, Sneed PK, Braunstein S, Fogh SE, Nakamura J, Barani I, Perez-Andujar A, Pouliot J, 
Morin O. Assessment of image quality and dose calculation accuracy on kV CBCT, MV CBCT, and MV CT 
images for urgent palliative radiotherapy treatments. JACMP 17(2): 279-290. (2016) 

IGRT Dose Is Centered At the 

Treatment Isocenter 

 

IGRT Practices Vary Across 

Institutions 
 

Siiskonen T et al. Imaging practices and radiation doses from imaging in radiotherapy. 
Phys. Med. (2017), http://dx.doi.org/10.1016/j.ejmp.2017.03.012  

http://dx.doi.org/10.1016/j.ejmp.2017.03.012
http://dx.doi.org/10.1016/j.ejmp.2017.03.012


Patient CBCT Dose Measurements 

 

Kim DW et al. Imaging doses and secondary cancer risk from kilovoltage cone-beam 
CT in radiation therapy. Health Physics 104(5): 499-503. (2013)  

Patient CBCT Dose Measurements 

• Can be challenging 

• Dosimeters: TLD, OSLD, Ion Chamber, 

potentially solid state (must be careful here) 

• Dosimeter must be calibrated at kV energy, an 

MV calibration factor will not work 

• Example: 
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Graphite Farmer ionization 
chamber calibration factors from 
30 kv to 1.25 MeV (Co-60) 



kV Fan-Beam CT IGRT Doses 

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 

Orthogonal-Planar IGRT Doses 
CyberKnife, ExacTrac 

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 



kV CBCT IGRT Doses 

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 

kV CBCT IGRT Doses 

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 



MV CBCT IGRT Doses  

Anatomical Site Artiste Oncor/Primus 

Head and Neck 3.4 cGy 4.5 cGy 

Thorax 5 cGy 7 cGy 

Pelvis 5 cGy 7 cGy 

Morin and Pouliet, Chapter 6, MV CBCT in IGRT, in 
Image-Guided Radiation Therapy (ed, Bourland) 

6 MV Portal Image Doses (E)  

 

Murphy MJ et al. The management of imaging dose during imaged-guided radiotherapy: 
Report of the AAPM Task Group 75.  Med. Phys. 34(10), October 2007. 



 

Bissonnette et al., Quality assurance for image-guided radiation 
therapy utilizing CT-based technologies: A report of the AAPM TG-
179. Med. Phys. 39 (4), April 2012. 

CBCT Dose Summary 

IGRT Technique Dose (cGy) % 2 Gy/fx 

• MV CBCT: Siemens Mvision 5-17 2.5-8.5 

• kV CBCT: Varian OBI  1-8 0.5-4.0 

– Low dose mode less by 1/5 

• kV CBCT: Elekta XVI 0.1-3.5 0.05-1.8 

– Bowtie mode less by 1/4 to 1/5 

• kV Conventional CT (body/head) 1 / 5 NA 

• kV Fluoroscopy (orthogonal) ~ 5 cGy/min (skin dose) 

 
Alaei P. Review of the Doses from Cone Beam CT and Their Inclusion in the Treatment 
Planning https://www.medicaldosimetry.org/pub/39774274-2354-d714-51f0-8be87ec1b43b 



IGRT Dose Reduction 

• “Low dose modes” – depend on image receptor 

sensitivity, acquisition modes, and anatomy being 

imaged – like diagnostic imaging techniques 

• Pulsed fluoroscopy, adjustable FOV collimation, 

limited FOV reconstruction algorithms (“interior 

reconstruction” for CT) 

• Adjustable output for MV CBCT + EPID (similar 

to auto beam current adjustment for CT imaging) 

 

Dynamic Collimation, Interior Reconstruction 

 

Alaei P. Review of the Doses from Cone Beam CT and Their Inclusion in the Treatment 
Planning https://www.medicaldosimetry.org/pub/39774274-2354-d714-51f0-8be87ec1b43b 



IGRT Dose Avoidance 

• Choose procedure and frequency of imaging that best 

matches the need: daily or weekly imaging? 

• Choose FOV and “minimum” technique factors matched to 

minimum required image quality for the anatomical site – 

specify protocols for each site 

– Imaging FOV is always larger than treatment fields – treatment 

field scatter has largest lateral path length 

• Special attention to pediatric patients, implanted devices – 

D < 200 cGy typical maximum dose for implanted devices 

Ding G, X-ray Imaging Dose to Therapy Patients, 
http://www.aapm.org/meetings/amos2/pdf/60-14838-42385-312.pdf  

IGRT Dose Records 
• Most important for MV CT approaches (FBCT, CBCT) 

• For kV CBCT, could calculate IGRT dose distribution and 

sum to MV radiation treatment plan (cumulative dose) 

– Computation models still in development, so computing and 

summation difficult – a useful step? 

• Calculate and record specific organ or device doses 

• Add a certain dose for each IGRT procedure to the patient’s 

dose record, eg, “2 cGy” or some other dose number – is 

this relevant to prescription point? 

• Most common kV CBCT approach: with ~1% dose, record 

imaging procedure, but do not record the imaging dose 



Summary 

• IGRT dose distributions are “omni-directional,” compared 

to MV radiation treatment dose distributions 

• Fortunately, kV IGRT doses relatively low, ~ 1% of daily 

fractional dose – there can be exceptions 

• MV IGRT doses can be higher per fraction, 4-7% 

• Dose to skin, other organs could exceed deterministic limits 

for radiation-induced morbidity (MV, fluoroscopy) 

 

Summary 

• Dose calculations and CTDI measurements (eg, TG 111 

approach) can be challenging to implement 

• Individual patient in vivo dosimetry is needed 

• Special cases deserve attention: pediatric, implanted 

devices, perhaps superficial (skin), larger FOV applications 

• Low dose kV modes in development 

 

• Thus, characterize IGRT device, decide on dose recording, 

decide on “recorded dose” due to imaging 

 


