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LNT and stochastic effects



“…there has not been any data on this, 
but personally…”



“Boy I’m lucky I never had one of these done! I was always skeptical 
of this procedure.  It was my intuition that told me don’t go there!” 

….USA Today



https://www.youtube.com/watch?v=j60vm-LL8hY&t=3s



Each colored 
dot is a person





CT doses are going to be 100 
mGy and lower for almost all 

indications

In the lower than 0 region…



Acute Radiation 
Symptoms

Gastrointestinal 
(GI), > 10 Gy

Acute Radiation 
Symptoms

Cardiovascular 
(CV)/ Central 
Nervous System 
(CNS), > 50 Gy

Acute Radiation 
Symptoms

Hematopoietic
(Bone Marrow, > 
0.7 Gy

“deterministic effects” 
in text over stochastic 

cancer risk plot”



This is sus, Brenner and Hall 2007 (the most 
famous of all papers in CT community discussing 
radiation risk and CT) say there is real data 
supporting low dose causes cancer. But the LSS 
has real data points under zero on excess cancer 
plots for CT dose levels….



Just for fun, see how this plot of 
radon gas naturally seeping into 
our basements (causes dose 
increases like CT doses) correlated 
with cancer mortality…. 
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Learning Objectives

• Understand the linear no-threshold (LNT) model and other 
common frameworks for radiation risk. 

• Review basic CT dosimetry metrics: CTDIvol, DLP, SSDE, 
ED

• Learn what cumulative effective dose is and why its clinical 
relevance is debated. 

• Explore modern models that weigh the risks of under-dosing 
(missed diagnoses) against overexposure. 
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Confusing terminology



Confusing Terminolog y



Confusing Terminolog y













“The CT Handbook: Optimizing Protocols for Today’s feature-rich scanners” 
By Tim Szczykutowicz. Medical Physics Publishing 2020

http://blogs.wsj.com/health/2009/10/13/hospital-mistake-gives-patients-radiation-overdose/
http://www.nytimes.com/2009/10/16/us/16radiation.html?_r=0 



Radiation quantities CT specific radiation 
quantities

Organ dose (eye lens 
dose, colon dose, fetal 
dose, etc.), effective 
dose, absorbed dose, 
equivalent dose

CTDIvol, DLP, SSDE



@Prof_TimStick’s Actionable information
• When comparing your dose to your colleague's down the street, I 

would think in terms of CTDIvol, DLP, and SSDE.
• Forget organ doses, what are you really going to do with 

them…?
• DO NOT think in terms of mA, mAs, or effective mAs. These 

don’t translate within a single scanner or across scanners.
• When comparing CT to other modalities, I would think in terms of 

mSv



Effective dose, CTDIvol, DLP, 
SSDE



• CT scanner’s output 
– CTDIvol (Volume Computed Tomography Dose Index)

• Average dose a 16 or 32 cm plastic phantom receives



• CT scanner’s output 
– CTDIvol (Volume Computed Tomography Dose Index)

• Average dose a 16 or 32 cm plastic phantom receives

32 cm
24 
cm



• CT scanner’s output 
– CTDIvol (Volume Computed Tomography Dose Index)

• Average dose a 16 or 32 cm plastic phantom receives
• Units of mGy
• Measured using cylindrical phantom with center and periphery holes 

where we put in a dose measurement device



• Dose Length Product (DLP)
– CTDIvol times the scan length in centimeters
– Units of mGy*cm

~470 
mm

DLP = CTDIvol*range
        = 17.57 mGy * 47 cm
        = 826 mGy*cm 

I get 50 cm 
range if I divide 
DLP by CTDIvol



• Overranging is the collection of 
slightly more data than is needed 
(in helical/spiral mode)

• Increases with higher beam 
collimations

40 mm collimation

10 mm collimation



• CTDIvol isn’t patient dose, it is scanner output
– As car RPM (output) is to car speed (patient dose)

• High RPM can go really fast with little drag and high gear
• High RPM can go really slow pulling huge load up a hill in low gear



Size specific dose estimate (SSDE)
• Modulates scanner report 16 or 32 cm dose to actual patient size
• Small patients get more dose than phantom (usually)
• Large patients get less dose than phantom (usually)

SSDE

Values we multiply 
CTDIvol by to make 
CTDIvol patient size 

specific

SSDE = CTDIvol * value from this curve



• SSDE example

ED = 28 cm

SSDE multiplier here is like 1.3. so 
SSDE = 1.3*17.57 mGy = 22.8 mGy



• CTDIvol will depend on if it is reported in a 16 or 32 cm 
phantom

• Most torso scans use 32 cm phantom to report dose
• Head and some peds use 16 cm phantom to report dose
• SSDE goes up for small people
• SSDE goes smaller for larger people



SSDE 
modulation 
of CTDIvol in 
graph form



• Effective dose
– DLP * “k factor”. Super simple formula to get effective dose.
– “k factor” is a number specific to a body region which calculates how much 

dose specific organs receive and sums them, to derive a total effective dose. 
– CTDIvol, DLP, SSDE are specific to CT
– Effective dose is modality neutral

Effective dose

Organ weights K factors



• Effective Dose 
example

These change by non-trivial amounts…

My effective dose was 
900.76(mGy*cm)*0.0163(mSv/mGy/cm) =
14.3 mSv

900.76(mGy*cm)*0.012(mSv/mGy/cm) =
10.6 mSv

… vendors and academics play these 
games

 



@Prof_TimStick’s Actionable information
• If someone gives you an effective dose, ask for k factor reference

https://xkcd.com/



“The CT Handbook: Optimizing Protocols for Today’s feature-rich scanners” 
By Tim Szczykutowicz. Medical Physics Publishing 2020

http://blogs.wsj.com/health/2009/10/13/hospital-mistake-gives-patients-radiation-overdose/
http://www.nytimes.com/2009/10/16/us/16radiation.html?_r=0 

Organ dose: skin







Current CT doses are below the level at which, according to widely accepted 
data, radiation induced effects occur. The AAPM policy on this topic states 
“…epidemiological evidence supporting increased cancer incidence or 
mortality from radiation doses below 100 mSv is inconclusive.” Diagnostic CT 
dose levels range from less than 1 mSv to ~20 mSv (e.g., multiphase torso 
exams) depending on indication.

One of the 12 “Recommended Research Needs” of the BEIR VII report makes 
it clear there is no consensus on the validity of summing CT dose: “In vitro 
and in vivo data are needed for delivery of low doses over several weeks or 
months at very low dose rates or with fractionated exposures. The cumulative 
effect of multiple low doses of less than 10 mGy delivered over extended 
periods has to be explored further.”

https://www.aapm.org/org/policies/details.asp?id=318&type=PP&current=true

https://www.aapm.org/org/policies/details.asp?id=318&type=PP&current=true
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Publications on “ct dose reduction”



Novel study in that they did more accurate organ 
dose calculations for individual patients (by size 
and gender and CT technique parameters)

Not novel in that they then went against all major 
professional societies recommended use of atomic 
bomb survivor data and estimated cancer rates 
from this data

~20 years later, you can still 
publish and get headlines on 
this 
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Do I have to worry about a pt 
getting a lot of scans over their 
life?



Yes, I clearly have an 
opinion on this. The 

logistics of implementing 
of a CED based alarm 
scare me those most, 
even if CED induced 

stochastic cancer 
induction is is true.







• Facts on cumulative effective dose
– Easy to calculate, you just sum up effective dose in a patient’s 

history
• No studies have been performed relating integration period with negative 

stochastic cancer effects. 

– Denying CT based on CED means we are weighing current need for 
CT lower than future potential cancer risks

• No studies have been performed or guidance given from advocates of CED 
on age/indication based CED limits



• Facts on cumulative effective dose
– Easy to calculate, you just sum up effective dose in a patient’s 

history
• No studies have been performed relating integration period with negative 

stochastic cancer effects. 

– Denying CT based on CED means we are weighing current need for 
CT lower than future potential cancer risks

• No studies have been performed or guidance given from advocates of CED 
on age/indication based CED limits

“Repeat customers” to your CT clinic will likely die within a few years. 
Using CED to keep them from getting a CT isn’t supported by the 

literature. 





LNT modelReal data









• Recently, Rehani et al. have revisited cumulative effective dose
– Need for caution here, as 

• No studies have linked CED to increases in cancer risks
• There is no consensus on the time periods over which CED may be summed
• The almost ubiquitous use of informatics solutions to track/monitor CT dose makes implementing 

“CT CED alarms” trivial. Without science to back up length of CED summing or CED values for 
specific patient indications/ages/clinical scenarios, how do we use a “CT CED alarm”?

• Proponents of CED need to address the question “For what patients does the ~1% increase over 
baseline risk of cancer motivate refusing CT in the setting of trauma”

Cumulative effective dose





This gets real quick. This 
crap science is giving 
another reason for 

insurance companies to 
deny claims. 



@Prof_TimStick’s Actionable information
• Evidence to date demonstrates the theoretical risks of 

cancer incidence and cancer death to be orders of 
magnitude smaller than our patients underlying morbidity 
 don’t let past radiation exposures impact your decision 
to order present or future studies, advocates of CED don’t 
have data to guide us on how or when to apply CED in the 
clinic



Crappy image risk vs radiation 
risk



Contrast

NoiseSpatial 
resolution

noise



• Noise
– Standard deviation of pixels in a uniform ROI (def used in practice)

• All PACS workstations will let you measure this, don’t confuse it with the 
mean/max/min which are also commonly displayed

noise

Parameter Affect on noise
Beam energy ↑ ↓
Slice thickness ↑ ↓
Dose ↑ ↓
Bone/lung switch to brain/soft 
tissue kernel/algorithm

↓

Pitch ↑ No effect is using AEC, if 
manual then ↑

Tube current ↑ ↓

Makes more 
photons

Lets more photons 
go into image

Makes more 
photons

Blurs image, so 
noise goes 

down

Makes more 
photons



• Noise
– Standard deviation of pixels in a uniform ROI (def used in practice)

• All PACS workstations will let you measure this, don’t confuse it with the 
mean/max/min which are also commonly displayed

noise

Parameter Affect on noise
Beam energy ↑ ↓
Slice thickness ↑ ↓
Dose ↑ ↓
Bone/lung switch to brain/soft 
tissue kernel/algorithm

↓

Pitch ↑ No effect is using AEC, if 
manual then ↑

Tube current ↑ ↓

Makes more 
photons

Lets more photons 
go into image

Makes more 
photons

Blurs image, so 
noise goes 

down

Makes more 
photons



• Noise ∝ 1

Dose
 

• So the exponent on dose is -0.5
– Noise = 𝑐𝑐 Dose 𝑛𝑛

CT Dose Physics 101

280 mAs 70 mAs 20 mAs 10 mAs

Image from: A method to extract image noise level from patient images 
in CT, Malkus and Szcz… Med. Physics 2017



Model 
missing 

cancer due 
to images 
that are 

noisy

BEIR VII 
report based 

risk using 
linear no 
threshold 

model





Interesting, so most patients would have 
had less total risk with higher radiation 
doses. 

And this study doesn’t include added 
“negative risk” from non indicated 
findings



Thanks!

Feel free to contact me at 
tszczykutowicz@uwhealth.org
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