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C. pronounced cone beam artifacts 

A. Defrise phantom 

B. Some cone beam artifacts 

Visual demonstration of cone beam artifact 
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1. Slice thickness selection 

Five quick lessons on CT dose optimization 
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Are your CT slices too thin? 

SNR = 8½  

5 mm / 0.625 mm = 8 
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2. Bow Tie Filters  

Five quick lessons on CT dose optimization 
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without beam shaping filter 

approximately circular 
patient cross section 

Five quick lessons on CT dose optimization 
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profile along fan angle 

a b 

b a 

periphery dose in patient is reduced 
with no loss of image quality 

with beam shaping filter 

Five quick lessons on CT dose optimization 
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A. no bow tie C. Small bow tie B. ideal bow tie 

high dose high dose 

Five quick lessons on CT dose optimization 
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Noise Propagation 
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3. Automatic Exposure Control 
     3a: overall dose control 

     3b: tube current modulation 

Five quick lessons on CT dose optimization 
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3. Automatic Exposure Control 
     3a: overall dose control 

     3b: tube current modulation 

Five quick lessons on CT dose optimization 



General Electric AEC:  Noise Index 



Siemens AEC:  Quality Reference mAs 
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3. Automatic Exposure Control 
     3a: overall dose control 

     3b: tube current modulation 

Five quick lessons on CT dose optimization 
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B. mA modulation 
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Five quick lessons on CT dose optimization 
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angular mA 
modulation 

overall impact 
of mA modulation 

Five quick lessons on CT dose optimization 
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122 mAs 

94 mAs 

68 mAs 

105 mAs 
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4. Adaptive Beam Filtration 

Five quick lessons on CT dose optimization 
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Five quick lessons on CT dose optimization 
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5. Iterative CT Reconstruction 

Five quick lessons on CT dose optimization 
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measured projections 

actual object 
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iteration iteration iteration 

computed (forward) projection 

measured projection 

Iterative reconstruction algorithms use an initial guess of the image, and then 

updates that image depending on how well the computed projections (from the 

current image) match the measured projections.  

The differences 

between these 

projections should be 

minimized 
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WW 

2000 

WW 

400 

filtered backprojection model-based iterative reconstruction 

Five quick lessons on CT dose optimization 
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a. standard FPB statistical iterative 
reconstruction 

b.  c.  model-based iterative 
reconstruction 

Five quick lessons on CT dose optimization 
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HISTORICAL PERSPECTIVES 

 Rapid increase in the availability, capability, 

and use of CT over the last decade 
 

 Contribution of dose burden by CT for medical 

imaging of ~50% for 15% of performed exams 
 

 Radiation overdose incidents with CT brain 

perfusion exams, chiefly in California, resulting 

in 200+ overexposures in 18 months 



EQUIPMENT AND/OR USER FAILURE….. 

 2 ½ year old boy 

 150 scans to same 

area over a period of 1 

hour….. 

 Acute erythema in 

area of scan (5-10 Gy)  

 Cataracts, cancer, 

cognitive impairment 

are possible outcomes 



October 2009 

Cedars-Sinai, L.A. 



RESULTING CALIFORNIA LEGISLATION 

 Senate Bills 1237 & 38 
 Introduced by Alex Padilla 

 Assembly Bill 510 
 Introduced by Bonnie Lowenthal 



SENATE BILL 1237 

 Effective July 1, 2012 

 Adds sections 115111, 115112 and 115113 

to the state Health and Safety code for Public 

Health 



SB1237 – SECTION 115111 

 Requires those responsible for CT system 
operation: 

 To record the dose of radiation for every CT study 
produced during an exam 
 

 

 To have on an annual basis, a medical physicist verify 
displayed doses within 20% of the true measured 
dose 
 

 To record the CT dose metrics in the radiology report 

Volume computed tomography dose index (CTDIvol) 

Dose length product (DLP) 



SB1237 – SECTION 115112 

 Requires “facilities that furnish CT X-ray 

services shall be accredited by an organization 

that is approved by the federal Centers for 

Medicare and Medicaid Services, and 

accrediting agency approved by the Medical 

Board of California, or the State Department of 

Public Health” 
 

 Date of required compliance: July 1, 2013 



SB1237 – SECTION 115113 

 Requires a report be sent to CA Dept of Health 
Services: 
 

 Repeating a CT exam, unless ordered by a physician 
or radiologist or movement / interference of patient, 
if the following dose values are exceeded: 
 0.05 Sv (5 rem) effective dose equivalent 

 0.5 Sv (50 rem) to an organ or tissue 

 0.5 Sv (50 rem) shallow dose equivalent to the skin 
 

 Irradiating a body part other than the intended body 
part (with the same dosage requirements as above) 



SB1237 – SECTION 115113 

 Requires a report be sent to CA Dept of Health 
Services: 
 

 If an exam results in unintended patient harm (organ 
damage or erythema), as determined by a physician 
 

 Radiation exposure greater than 50 mSv (5 rem) to a 
fetus or embryo of a known pregnant individual 
unless approved by a physician 
 

 Irradiating the wrong person or wrong site 
 

 Delivered dose is >20% of the prescribed dose 

 



AB510 

Further clarifies SB1237 

 Section 115111: 

 Nuclear Medicine excluded 
 

 Technical factors and dose shall be electronically sent to PACS 
 

 Displayed dose verified by physicist for typical adult brain, 

adult abdomen, and pediatric brain protocols – within 20% of 

measured dose 
 

 Dose reporting is limited to systems capable of reporting dose 
 

 Dose report shall be included in “interpretive report”, not just 

“Radiology report”, to account for other departments using CT 



ISSUES 

 Law does not indicate specifics of reporting 
CTDIvol and DLP…. Summed? By Series? 

 

 Interpretation as to what “reporting” means 

 Access to PACS dose image adequate? 

What about reconstruction/reformatting 
procedures that do not deliver dose? 

 

 Failure to comply with law? 
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UC Davis 

UCSF 

UCSD 

UC Irvine 

UCLA 

University of California DOSE consortium 

Dose  

Optimization and  

Standardization 

Endeavor 



RECOMMENDATIONS FOR COMPLIANCE  

 UC DOSE consortium of UC Medical Centers  



UC DOSE GUIDELINES 

 Section 115111 



UC DOSE GUIDELINES 

 Section 115111 



REPORTING CTDI & DLP IN REPORT….. 

 UC Davis: following UC DOSE recommendations 

 Automated solution to include values in report 

 Implementation of dose calculation engine  

 Extraction of series by series CT dose metrics 

 Inclusion of user defined message in speech engine 

 Creation of final report in RIS with dose metrics 



SYSTEMS INTEGRATION – DOSE REPORTING 

PACS 

Dose Calculation 

Software 

Speech 

Recognition 

RIS 

CT scanner 

DICOM / HL7 

Application  

connector 

PACS/RIS Broker Broker & DICOM processor 



SINGLE ACQUISITION EXAM 



MULTIPLE ACQUISITION EXAM 



EXAMPLE REPORTS 

 Our radiologists want short reports 

 No more “consult with Medical Physicist” 



EXAMPLE REPORTS WITH DOSE DATA 

 Linked studies often have same 

dose data; others have different  

accession numbers 



WEBSITE FOR INFORMATION 

 Reduce verbiage in report 

 Currently “too technical” 



DETERMINATION OF REPORTABLE DOSE  

 Section 3 (115113)  

 – An Effective Dose (E.D.) that exceeds 0.05 Sv (5 rem) 

 – A dose in excess of 0.5 Sv (50 rem) to any organ or tissue 

 – Shallow dose to the skin of 0.5 Sv (50 rem) to the skin 

 – Dose to fetus that is greater than 50 mSv (5 rem) 

 

 Reporting dose with the current limits is unlikely except 
for dose to the fetus in certain circumstances 

 

 A medical physicist should be involved in any formal 
dose estimation   



RECOMMENDATIONS: 

 California Clinical and Academic Medical Physicists  

(C-CAMP) 
 

http://aapm.org/government_affairs/documents/SB-1237Section3_v7.pdf 

 
 John M. Boone: University of California Davis 

 

 Christopher Cagnon: University of California, Los Angeles 
 

 Melissa Martin: Therapy Physics, Inc. Gardena, CA 
 

 Michael McNitt-Gray: University of California, Los Angeles 
 

 Thomas R. Nelson: University of California, San Diego 
 

 J. Anthony Seibert: University of California Davis 

 

http://www.aapm.org/government_affairs/documents/SB-1237Section3_v7.pdf
http://www.aapm.org/government_affairs/documents/SB-1237Section3_v7.pdf
http://www.aapm.org/government_affairs/documents/SB-1237Section3_v7.pdf
http://www.aapm.org/government_affairs/documents/SB-1237Section3_v7.pdf


PATIENT EFFECTIVE DOSE  50 mSv 

 Determine DLP with appropriate k-factor that 

would result in effective dose ≥ 50 mSv 
 

 Two tables required 
 

 CTDIvol and DLP determined with 16 cm diameter 

phantom for pediatric body exams 
 

 CTDIvol and DLP determined with 32 cm diameter 

phantom for pediatric body exams 



DLP VALUE: REPORTING THRESHOLDS 

Effective Dose = DLP × k 

Effective Dose / k = DLP 



DLP VALUE: REPORTING THRESHOLDS 

 CTDIvol and DLP with 16 cm phantom for pediatric body exam 

 

 

 

 

 

 CTDIvol and DLP with 32 cm phantom for pediatric body exam 

 



ORGAN DOSE THRESHOLD: 500 mSv 

 “Cumulative CTDIvol” if same anatomic region 

scanned multiple times (and organ included) 

 Scans with table movement 

Pediatric: cumulative CTDIvol  200 mGy 

Adult:       cumulative CTDIvol  250 mGy 
 

 Scans with no table movement (e.g., neuroperfusion) 

Pediatric: cumulative CTDIvol  650 mGy 

Adult:       cumulative CTDIvol  650 mGy 



SKIN DOSE THRESHOLD: 500 mSv 

 Want to identify scans resulting in a peak skin 

dose that exceeds 500 mGy (multiple scans 

with no table motion) 

DLP tends to underestimate 

 CTDIvol tends to overestimate (30 to 100%) 

 

 Use recommendations for organ dose threshold 

 



FETAL DOSE THRESHOLD: 50 mSv 

 This event may occur in certain clinical 

scenarios 

 Scans with table movement 

Cumulative CTDIvol of abd/pelvis  25 mGy 

 Scans with NO table movement (abd/pelvis perfusion) 

Cumulative CTDIvol of abd/pelvis  65 mGy 



NEXT STEPS  

 Work with the state on developing meaningful 
ways to report dose metrics and dose 

 

 Educate technologists, radiologists, referring 
physicians, physicists, nurses, and general public 

 

 UC DOSE Virtual Symposium on Radiation Safety 
and Computed Tomography was held May 8th-
10th, 2013 to the state, national, and 
international audience; still available on web 



SUMMARY 

 California dose reporting law – national attention 
 

 Resultant emphasis on CT dose and safety  
 

 Compliance & oversight by state is imminent 
 

 Non-compliance?   Notice of Violation (NOV) 
 

 Multiple NOV’s: financial $$ penalties 

 


