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LNT and stochastic effects
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“...there has not been any data on this,
but personally...”
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CT Scan Radiation May Lead to 29,000 Cancers,
Researc hers Warn

Fopular Diagnostic Scans May Be Overused, Some Waorry

15,000 will die from CT scans

done in 1 year

Scans have higher levels of radiation than thought, researchers say

\ EDITION:
= 3 S News Sectors Analysis
: REUTE RS u.-S « & Markets & Industries &Opﬁic
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(Reuters) - Radiation from CT scans done in 2007 will cause 29,000

cancers and Kill nearly 15,000 Americans, researchers said on
By Julie Steenhuysen
Monday. B f s e s

Will You Be one of the 15,000 That Are Killed
By CT Scans Next Year?

This is the question being asked as 2009 drew to a close.

Cancercare.com BoyI'mlucky | never had one of these done! | was always skeptical
of this procedure. It was my intuition that told me don’t go there!”
...USA Today



°V0|_|'[ube szczykutowicz computed tomography revolution genesis

Genesis to Revolution
CT hasn’t run its course
It's pushing to the tape with

Big Bore Force

https://www.youtube.com/watch?v=j60vm-LL8hY&t=3s
Professor Tim Stick . /@Prof TimStick

> Pl € o000/339 om@m % & O &

Genesis to Revolution CT hasn't run its course It's pushing to the tape with Big Bore Force

~ Axial was slow then came spiral

According to Smith-Bindman these x-rays gone viral
At these low doses what conclusions can we make?
So what if a few photons cause DNA to break?

Mix public fear and psuedo science and let it
ferment

Drunk on that you won't ask where the high dose
FBP images went

Smith-Bindman, R., Lipson, J., Marcus, R., Kim, K. P., Mahesh, M., Gould, R., ... & Miglioretti, D. L. (2009).
Radiation dose associated with common computed tomography examinations and the associated lifetime
attributable risk of cancer. Archives of internal medicine, 169(22), 2078-2086.

Sacks, B., Meyerson, G., & Siegel, J. A. (2016). Epidemiology without biology: false paradigms, unfounded ,
assumptions, and specious statistics in radiation science (with commentaries by Inge Schmitz-Feuerhake and off =
Christopher Busby and a reply by the authors). Biological theory, 11(2), 69-101. N
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Long-term Radiation-Related Health Effects in a Unique
Human Population: Lessons Learned from the Atomic
Bomb Survivors of Hiroshima and Nagasaki

Published online by Cambridge University Press: 08 April 2013

Evan B. Douple, Kiyohiko Mabuchi, Harry M. Cullings, Dale L. Preston, Kazunori Kodama, Yukiko Shimizu,

Saeko Fujiwara and Roy E. Shore
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Excess Relative Risk

1.5

ERR/Gy=0.46

— Fitted linear dose response
at age 70 following
exposure at age 30

- = Smoothed nonparametric
dose response

2
Weighted Colon Dose, Gy




1.5

ERR/Gy=0.46

Excess Relative Risk

— Fitted linear dose response
) at age 70 following
CT doses are going to be 100 exposure at age 30

mGy and lower for almost all - = Smoothed nonparametric
. - . dose response
indications

In the lower than O region...
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“deterministic effects”
in text over stochastic
cancer risk plot”

Acute Radiation
Symptoms

Hematopoietic

(Bone Marrow, > |-~

0.7 Gy

1.0
Radiation Dose (Sv)

Acute Radiation
Symptoms

Gastrointestinal
(Gl), > 10 Gy

Acute Radiation
Symptoms

Cardiovascular
(CV)/ Central
Nervous System
(CNS), > 50 Gy
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The NEW ENGLAND
CURRENTISSUE v  SPECIALTIES ~  TOPICS v

JOURNAL of MEDICINE This is sus, Brenner and Hall 2007 (the most
wevcw s | ; 1 (n e famous of all papers in CT community discussing
Computed Tomography — An Increasing Source o . 4. . .
P STApTY 8 radiation risk and CT) say there is real data
Radiation Exposure )
Authors: David . Brrr, P, S, and ). Hal D.PL DS Author o & Afiltions supporting low dose causes cancer. But the LSS

Published November 29, 2007 | N Engl | Med 2007;357:2277-2284 | DOI: 10.1056/NE|Mra072149

VOL 357N0. 22 | Coprighe ©.2007 has real data points under zero on excess cancer
R RN plots for CT dose levels....

The increase in CT use and in the CT-derived radiation dose 1n the population is occurring
just as our understanding of the carcinogenic potential of low doses of x-ray radiation has
improved substantially, particularly for children. This improved confidence in our
understanding of the lifetime cancer risks from low doses of 1onizing radiation has come
about largely because of the length of follow-up of the atomic-bomb survivors — now more
than 50 years — and because of the consistency of the risk estimates with those from other

large-scale epidemiologic studies. These considerations suggest that the estimated risks

associated with CT are not hypothetical — that is, they are not based on models or major

extrapolations in dose. Rather, they are based directly on measured excess radiation-related
cancer rates among adults and children who in the past were exposed to the same range of

organ doses as those delivered during CT studies.
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Fredicted cuunty medlan cencentration

gﬂ'.l?.“‘"‘-i Cancer mortality rates by county (age-adjusted 1970 US population)

All Cancers: white males, 1970 to 1994, all ages
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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

15
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Narrow Results

Applied filters

Radiology X

Publication Date
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CT Dose Metrics

Walter Huda

Radiology | Volume 267, Issue 3 | Jun 12013

htty ) First Page | Full Text | PDF

Procedure-specific CT Dose and Utilization Factors for CT-guided Interventional
Procedures

ranu Ganguli, i ) Hui Zhen hua Li, Bob Liu
Radiology | Volume 289, Issue 1 | Jul 17 2018
htty i 11 iol.2 45 Abstract | Full Text | PDF

CT Dose Index and Patient Dose: They Are Not the Same Thing
ohn M
Radiology | Volume 259, Issue 2 | May 1 2011

htty 1.1110 Abstract | Full Text | PDF

Volume CT Dose Index and Dose-Length Product Displayed during CT: What Good Are
They?

Iter Huda .

Confusing Terminology
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Original Research & Free Access

Medical Physics

Confusing Terminology

Procedure-specific CT Dose and Utilization Factors
for CT-guided Interventional Procedures

Kai Yang &4, Suvranu Ganguli, Matthew C. DelLorenzo, Hui Zheng, Xinhua Li, “'Bob Liu

v Author Affiliations
Published Online:Jul 17 2018 | htips

See editorial by Shuai Leng

:= Sections PDF

Therefore, we focused on DLP for patient dose consideration, similar to the concept of kinetic energy
s-area product (known as KAP) in fluoroscopy-guided interventional procedures.
R E 5 u It 5 I-length-weighted CTDI, and SSDE were included for complete reporting. For this
: reported single-value CTDI and SSDE with sw in the following equations. If we
int (AC) as the total number of CT series occurring in one procedure and use i as the
35, we can have

Interventional CT scans have distinctly different dose metric characteristics from diagnostic CT scans. .

Wide variations of dose metrics were observed among subcategories, even within the same major Scan L‘"gﬁ”m-*:;&“ length(i)

category. For the most frequently performed CT-guided interventional procedures within each major AC

category, liver ablation, chest aspiration, liVer wrepsyreme single abdominal drainage, the median dose- 2_CTDIuol(i)x Sean length(i)
. . I CTDIsw ==L

length product was 2351, 657, 1175, and 112! mGy - cm, | espectively. Procedure-specific CT utilization Scan Length,,

factors ranged between 0.6 and 3.6.

AC
D SSDE(i)x Scan length(i)
SSDEsw =4

Scan Length,

DLP =S DLPG) = S CTDIol(i)x Scan lengehts)

i=1 i=1

= CTDIswX Scan Length,,,,
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QOriginal Research
Medical Physics

Dose Performance of a 64-Channel Dual-Source CT
Scanner

Cynthia H. McCo
Raupach, Christoph Suess. Bernhard Schmidt, Bernd M. Ohnescrge, Thomas G. Flohr

» Author Affiliations

Published Online:Jun 1 3-:::--:::-?| https

:= Sections

¥ Fulitext [J§ POF

_ tively, weighted CT dose index
per 100 mAs was 14.2 and 12 2 mGy (F 2ad CT), 6.8 and 6.4 mGy (body CT), and 6.8 and 5.3 mGy (cardi
CT). In the spiral cardiac mod_ZZ 2.z rocardiographically bas odulation, 0.2 pitch),
equivalent noise occurred at volume CT dose index values of 23.7 and 35.0 mGy (coronary artery calcium
CT)and ) and 61.2 mGy (coronary CT angiography) for multi-detector row CT and dual-source CT,

ely. The use of heart rate-dependent pitch values reduced volume CT dose index to 46.2 mGy
0.265 pitch), 34.0 mGy (0.36 pitch), and 26.6 mGy (0.46 pitch) compared with 61.2 mGy for 0.2 pitch. The
use of electrocardiographically based tube current-modulation and temporal windows of 110, 210, and
310 msec further reduced volume CT dose index to 9.1-25.1 mGy, dependent on the heart rate.
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ORIGINAL RESEARCH

THORACIC IMAGING

) Free Access

Optimal Scan Parameters for CT Fluoroscopy in Lung
Interventional Radiologic Procedures: Relationship
between Radiation Dose and Image Quality

» Author Affiliations

Published Online: Mar 10 2010 | https:/doi.or

:= Sections

PDF

Results

Both the SNR and the CNR improv

ed as the radiation dose increased, leading to improvement in the
image quality ~———-—_.* image quality was achieved in 94

% (30 of 32) of patients when the radiation

dose was 1.1 mGy/sec 120 kV, 10 mA) and in all patients when it was greater than 1.48 mGy/sec (135 kV

10 mA). The g ~ovic2 1 ear curve showed rapid improvement in image quality until the radiation dose
increased to 1.48 mGy/sec (135 kV, 10 mA). When the radiation dose was increased greater than 1.48
mGy/sec, improvement in the image quality became more gradual.
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Medical Physics

Radiation Effective Doses to Patients Undergoing
Abdominal CT Examinations

Dan E. Ware1, Walter Huda1, Patricia J. Mergo1. Anthony L. Litwiller1

» Author Affiliations

Published Online: Mar 11

:= Sections

¥ Fulitext [J§ POF

RESULTS: All abdominal CT examinations were performed at 120 kVp with a section thickness of
approximately 7 mm for all sizes of patients. The mean number of CT sections increased from 22.0 for
ch 2 —.2.31.5 for adults, and the mean guantity of x radiation in milliampere-seconds increased from

22 ) mAs fo children to 290 mAs for adults. The mean values (+ 5D) of energy imparted were 72.1 m) +
24 2 -2 dren, 183.5 m) + 44.8 for young ac -2, 22 234.7 m) + 89.4 for adults. The corresponding
mean values of patient effective dose were 6. mSv £ 1.4 for children, 4.4 mSv + 1.0 for young adults, and

3.9 mSv = 1.1 for adults.
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Original Research @ Free Access
Medical Physics

U.S. Diagnostic Reference Levels and Achievable
Doses for 10 Adult CT Examinations

Kalpana M. Kanal, Priscilla F. Butler =, Debapriya Sengupta, Mythreyi Bhargavan-Chatfield, Laura P.
Coombs, Richard L. Morin

v Author Affiliations

Published Online: Feb 21 2C

Examination and Median
Size (Diameter) Size [cm)

i= Sections PDF

No. of Facilities

MNo. of Patients

CTDI,, (mGy)

pLD ooy
Percentile)

—Tie
Percentile)

SSDE (mGy)

AD (5l
Percentile)

ern= 1 DT
Percentile)

DLP (mGy-cm)

JE'ID t-JUI.TI
Percentile)

[F | HE[h
Percentile)

Abdomen and pelvis 21-25
without contrast
material*
25—29
29-33
33-37
374
Allt
Abdomen and pelvis with  21-25
contrast material*
25—-29
29-33
33-37
37-41
Al
Abdomen, pelvis, and 21-25
kidney without contrast
material*

353

14667

43185
64317
51133
21901
201754
29691

82822
108921
76681
30640
338056
4173

7

9

11

14

318

422
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Answers to Common Questions About the Use
and Safety of CT Scans

Cynthia H. McCollough, PhD; Jerrold T. Bushberg, PhD; Joel G. Fletcher, MD;
and Laurence |. Eckel, MD

SPECIAL ARTICLE

Low dose range
Risk too low to be convincingly
demonstrated, or does not exist

-{ —————————————————

Typical effective
doses from CT
—

Annual limit
for radiation

workers

Approximate lower limit

Effective dose (mSv)

Annual for an increased risk
background of carcinogenic effects
radiation from a single exposure
-~ -
—1 I I 1 ] 1 1 ] ] 1 1 ] 1 1 ]
0 10 20 30 40 50 60 70 e -0 100 110 120 130 140 150




Region

or Organ
Skin
Skin

Skin

Skin

Dose
Limit
<2 Gy
5 Gy

1C Gy

15 Gy

>15 Gy

0.5 Gy

Comments

No observable negative effects.

Transient erythema occurring within 2 weeks followed by hair loss, no lasting
effects.

Transient erythema occurring within 2 weeks followed by hair loss, some
lasting hair loss, possible lasting dermal atrophy.

Transient erythema occurring within 2 weeks followed by prolonged erythema
and permanent hair loss. Lasting dermal atrophy, Telangiectasia, and lasting
weak skin.

Within 2 weeks, ulceration, transient erythema, edema. Surgical intervention
likely to be needed. Lasting dermal atrophy, Telangiectasia, and persistent
deep wound.

The cataract induction dose limit is 0.5 Gy [26]. To safely work in a radiation
environment, the ICRP statement recommends limiting eye absorbed dose to
a 5-year average of 20 mSv (i.e., mGy for MDCT photons) with no single year
over 50 mSv (i.e., mGy for MDCT photons) [26]. At the time of this writing, the
European Atomic Energy Community (via COUNCIL DIRECTIVE 2013/59/
EURATOM) has issued a directive that limits the equivalent dose for the lens
of the eye to 20 mSv in a single year or 100 mSyv in any five consecutive
years, slightly different than the ICRP recommendation.

“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
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Radiation quantities |CT specific radiation
guantities

Organ dose (eye lens  CTDlvol, DLP, SSDE
dose, colon dose, fetal

dose, etc.), effective
dose, absorbed dose,
equivalent dose
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@Prof_TimStick’s Actionable information

When comparing your dose to your colleague's down the street, |

would think in terms of CTDIvol, DLP, and SSDE.

 Forget organ doses, what are you really going to do with
them...?

e 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, | would think in terms of
mSv
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Effective dose, CTDIvol, DLP,
SSDE
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CT scanner’s output
CTDlvol (Volume Computed Tomography Dose Index)

Average dose a 16 or 32 cm plastic phantom receives
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CT scanner’s output

CTDlvol (Volume Computed Tomography Dose Index)

Average dose a 16 or 32 cm plastic phantom receives

Patient Name: .

Accession Number: UX¥HCL

Patient ID: .

Exam Description: CT ABDOMEN PELYIS W IV

Dose Report
Series Type Scan Range CTDIvol
{mm) (mGy)

1 Scout - -
200 Axial I6B.750-168.750 2083
2 Helical 14.500-1473.125 17.57

Total Exam DLP:

1/1

Examno: ¢ "~

LightSpeedlb

Phantom

{mGy-cm) cm
20.80 Body 32
879.94 Body 32

200.76
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CT scanner’s output

CTDlvol (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
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Dose Length Product (DLP)

CTDIvol times the scan length in centimeters

Units of mGy*cm

7

~470
mm

Patient Name: .

Accession Number: UX¥HCL

Patient ID: .

Exam Description: CT ABDOMEMN PELVIS W IV

Dose Report
Series Type S5can Range CTDIvol
(mm) (MGy)

1 Scout - -
200 Axial I168.750-168.750 20.83
2 Helical 14.500-1473.125 17.57

Total Exam DLP:

1/1

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

(mGy-cm)

Examno: ¢ "~

LightSpeedlb

\\\\

DLP Phantom

cm
20.80

B79.96

900.76

Body 32
Body 32

| get 50 cm
range if | divide
DLP by CTDIvol
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Overranging is the collection of
slightly more data than is needed
(in helical/spiral mode)

Increases with higher beam
collimations

40 mm collimation

.

axh ._1' _.r

il
Eb'- .g'l'{'

e

10 mm collimation

.
.
L AR f v

B
X =
gy ’
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» Radiology. 2011 May;259(2):311-316. doi: 10.1148/radiol.11101800

CT Dose Index and Patient Dose: They Are Not the Same Thing

Cynthia H McCollough V'™, Shuai Leng %, Lifeng Yu %, Dianna D Cody !, John M Boone !, Michael F McNitt-Gray *

» Author information » Article notes » Copyright and License information

PMCID: PMC3079120 PMID: 21502387

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
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SSDE

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)

\\\\

Values we multiply

CTDIvol by to make

CTDIvol patient size
specific

N - I X I
o U G ) 00
| |

-
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2
9
£
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-]
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©
]
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:
Q
=

SSDE = CTDIvol * value from this curve

20 25 30 35 40 45

Effective Diameter (cm)
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SSDE example

ED =28 cm

-
c
2
=
b=
<))
O
&)
@
7]
O
(]
<
[
N
:
Q
=

Patient Name: .
Accession Number: UWHCL
Patient 1D .
Exam Description: CT ABDOMEN PELVIS W IV

Series

200

Type

Scout
Axial

Helical

Examno: ¢

LightSpeedlt

Dose Report
Scan Range CTDIvol DLP Phantom
{mm) {(mGy)  (MmGy-cm) cm
168.730-168.730 20.83 20.80 Body 32
14.300-1473.125 17.57 B79.96 Body 32

Total Exam DLP: 900,76

1/1

age in years

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

\\\\
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CTDIvol will depend on if it is reported ina 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

\\\\
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Effective dose

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.

CTDlvol, DLP, SSDE are specific to CT
Effective dose is modality neutral

Table 4.11 A comparison of organ dose coefficients. Blank spaces for a column correspond to that
organ being counted in the remainder category.

Phantom Huda Jessen EUR Deak
Diameter (cm) 2011 [47] 1999 [48] 2004 [49] 2010 [46]
Head Adult 0.0024 0.0021 0.0023 0.0019
Head and Neck Adult 0.0045/0.009
Neck Adult 0.0053/0.0107 0.0048/ n/a 0.0054 0.0051/ n/a
Chest Adult 0.0204 0.014 0.019 0.0145
Abdomen Adult 0.0163 0.012 0.017 0.0153
Pelvis Adult 0.0143 0.016 0.017 0.0129
CAP (Trunk) Adult 0.0186
Legs Adult 0.0008
Whole Body Adult 0.0077/0.0154

Scan Region Age

Organ ICRP 26 (1977) ICRP 60 (1991) ICRP 103 (2007)

Brain 0.01
Salivary Glands 0.01
Thyroid 0.03 0.05 0.04
Esophagus 0.05 0.04
Breast 0.05 0.12
Lung 0.12 0.12
Stomach 0.12 0.12
Liver 0.05 0.04
Colon 0.12 0.12
Bladder 0.05 0.04
Gonads 0.20 0.08
Bone Surfaces 0.01 0.01

0.12 0.12

0.01 0.01

0.05 0.12

Organ weights K factors
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Patient Name: . Examno: ¢
Accession Number: UWHCL T

Effective Dose LightSpeed1e

Exam Description: CT ABDOMEN PELVIS W IV

example

Dose Report
Series Type Scan Range CTDIvol DLP Phantom
{mm) {(mGy)  (MmGy-cm) cm
1 Scout - - - -
200 Axial 168.730-168.730 20.83 20.80 Body 32

2 Helical [4.300-1473.125 17.57 B79.96 Body 32
Total Exam DLP:  900.76

1/1

These change by non-trivial amounts...

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

Phantom Huda Jessen EUR Deak
Diameter (cm) 2011 [47] 1999 [48] 2004 [49] 2010 [46] 143 mSV

Scan Region Age

Head Adult 0.0024 0.0021 0.0023 0.0019

Head and Neck Adult 0.0045/0.009 k sk _
Neck Adult 0.0053/0.0107 0.0048/ n/a 0.0051/ n/a 90076(mGy Cm) OOlZ(mSv/mGy/cm) -
Chest Adult 0.0204 0.014 0.0145 10.6 mSv

Abdomen Adult 0.0163 0.012 0.0153

Pelvis Adult 0.0143 0.016 0.0129

CAP (Trunk)  Adul 0.0186 ... vendors and academics play these

Legs Adult ames
Whole Body Adult g

n

3
3
3
3
3
1

[« 20 \S TR S R (VR (S ]

0.0077/0.0154
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@Prof_TimStick’s Actionable information

If someone gives you an effective dose, ask for k factor reference

https://xkcd.com/
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Organ dose: skin

Region

or Organ
Skin
Skin

Skin

Skin

Dose
Limit
<2 Gy
5 Gy

10 Gy

15 Gy

>15 Gy

0.5 Gy

Comments

No observable negative effects.

Transient erythema occurring within 2 weeks followed by hair loss, no lasting
effects.

Transient erythema occurring within 2 weeks followed by hair loss, some
lasting hair loss, possible lasting dermal atrophy.

Transient erythema occurring within 2 weeks followed by prolonged erythema
and permanent hair loss. Lasting dermal atrophy, Telangiectasia, and lasting
weak skin.

Within 2 weeks, ulceration, transient erythema, edema. Surgical intervention
likely to be needed. Lasting dermal atrophy, Telangiectasia, and persistent
deep wound.

The cataract induction dose limit is 0.5 Gy [26]. To safely work in a radiation
environment, the ICRP statement recommends limiting eye absorbed dose to
a 5-year average of 20 mSv (i.e., mGy for MDCT photons) with no single year
over 50 mSv (i.e., mGy for MDCT photons) [26]. At the time of this writing, the
European Atomic Energy Community (via COUNCIL DIRECTIVE 2013/59/
EURATOM) has issued a directive that limits the equivalent dose for the lens
of the eye to 20 mSv in a single year or 100 mSv in any five consecutive
years, slightly different than the ICRP recommendation.

“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
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Table 4.3 Head, neck, and cervical spine doses from Kanal et al. 2017 [41]

Examination and CTDI,, (mGy) DLP (mGy-cm)

Median Size
(Thickness or Diameter)

No. of No. of
Facilities Patients § AD (50th DRL (75thjJ AD (50th  DRL (75th
Percentile) Percentile)j Percentile) Percentile)

Head and brain without 227 19,993 47 936
contrast material* 290 137,755 49 962
256 57,292 52 1,020
160 5,390 51 1,069
3471 223,908 § 49 1,011
Neck with contrast material* 352 9,458 14 509
350 8,723 15 563
334 5717 15 560
307 5,012 16 572
259 2,655 17 656
4177 33,740 15 572
Cervical spine without 350 22,739 18 495
contrast material$ 375 36.711 20 562
346 18,600 § 21 575
326 11,640 § 22 609
265 5477 § 25 703
4341 97,586 W21 602

NOTE: The AD is the 50th percentile of the distribution of median values (the 50th percentile) of all participating facilities, and the
DRL is the 75th percentile of the distribution of median values of all participating facilities.

* Only lateral thickness (cm) was used. The median lateral thickness was 15 cm.

T “All” includes data beyond lowest- and highest-size bins. “No. of facilities™ is the total number of facilities submitting data for
any size patient.

I Water-equivalent diameter (cm) was used. The median diameter was 20 ci.

§ Water-equivalent diameter (cm) was used. The median diameter was 19 cm.
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Answers to Common Questions About the Use
and Safety of CT Scans

Cynthia H. McCollough, PhD; Jerrold T. Bushberg, PhD; Joel G. Fletcher, MD;
and Laurence |. Eckel, MD

SPECIAL ARTICLE

Low dose range
Risk too low to be convincingly
demonstrated, or does not exist
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Typical effective
doses from CT
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Annual limit
for radiation

workers
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radiation from a single exposure
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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.”
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Computed Tomography — An Increasing Source of Radiation Exposure
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a public health issue some years in the future. On the basis of such risk

estimates and data on CT use from 1991 through 1996, it has been estimated

that about 0.4% of all cancers in the United States may be attributable to the

radiation from CT studies.234 By adjusting this estimate for current CT use

(Figure 2), this estimate might now be in the range of1.5 to 2.0%.
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Original Investigation

~20 years later, you can still
publish and get headlines on
this

April 14, 2025

Projected Lifetime Cancer Risks From

Current Computed Tomography '~~~

ct radiation dose

Rebecca Smith-Bindman, MD'+2:3. Philip W. Chu, MS': Hana Azman Firdaus, MPH

All Images Videos News Shortvideos Shopping Forums

» Author Affiliations | Article Information

- @ Verywell Heatth /
: JAMA Intern Med. Published online April 14, 2025. doi:10.1001/jamainternmed.2'  Study Says CT Scan Could Account for 5% of All Cancer o
Cases. What Do Radiologists Think? ,

Cancer risk from a single CT scan is low, but repeated exposure could increase the risk
of radiation-induced cancer.

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

1 hour ago

= NPR

Study highlights cancer risk from millions of CT scans
performed annually

Not n ovel in th at th ey th en went aga inst a Il m ajo r They can be life-saving but radiation from the scans also contributes to cancer risk. The h"

authors of a new study estimate overuse of CT...

professional societies recommended use of atomic
bomb survivor data and estimated cancer rates
from this data

1 week ago

?,2 Hematology Advisor

CT Exams in 2023 Projected to Result in 103,000 Future , Hemato
Cancers « ADVISOR

(HealthDay News) — At current utilization and radiation dose levels, computed
tomography (CT) examinations in 2023 were projected to result...

17 hours ago
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Do | have to worry about a pt

getting a lot of scans over their
life?
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Suggestions fior topé
Hospinal,

CT is still not a low-dose imaging modality

Madan M. Rehani, Ph.D.

Radielogy Deparmrent, Massachicsens General Hospiral, 175 Cambridge St Suire 244, Boston, MA 02104, USA,

(Tel. Tel: 608-263-5729: E-urexil: .lr.'rr.l'rer.lul:l"m}:.l'r. faarvare. edic)

Timothy P. Szczykutowicz, Ph.D.

Deparmments of Radielogy, Medical Physics, and Blomedical Engtneering, University of Wisconsin-Madizon, Madison, WI, 1784,

(Tel Tel: 608-263-5720: E-nieil: I.-.:_'u'._'_'rJ.lfj'Ml r4':_'L'|'|rt|'J'r4'|a|'IJ|.aJr_l:.'

Habib Zaidi, Ph.D., Moderator

(Received 17 December 201%; revised 20 December 2019; accepted for publication 23 December

2019; published 20 January 2020)
[https-ffdororg/ 10,1002 mp. 1 4000]

OVERVIEW

Clinical diagnosis of a number of discases is scldom per-
formed without resorting to multimodality imaging technol-
ogy in the era of personalized and precision medicine.
Among the existing plethora of imaging technigues, com-
puted tomography (CT) plays a pivotal role in the clinical set-
tng owing to widespread avalability of eguipment and
cxpertise as well as acceptance of this technology. Yet, medi-
cal radiation exposure of patients has become an important
public health concern worldwide. Significant efforts by the
vendors to improve CT scanner technology and by medical
physicists and mdiologists to opimize soquisition protocols
have significantly reduced the radiation dose from CT exami-
nations to address the concerns of patients and general public
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International Commission on Radiological Protection (ICRP)
for almost two decades and has anthored eight Annals of
ICREF, four of which as the Chair of the group. He is the
Senior Editor of the British Joumnal of Radiology, acts as
Associate BEditor for Medical Physics and was Assistant Edi-
tor for the Amenican Journal of Radiclogy for many years.

Yes, | 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.
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vhere one can
‘he concept of
o or high 15 abways relative and 15 related o use and nsks.
The risk depends om how recurrent the use is. Most medici-
nes reguire recurrent use. Does one just talk about nisk of a
single dose or one needs o also talk about the dose in a col-
lective manner? If a surgery is performed only once, one will
obviously talk about the risk of a single surgery. If it is to be
performed many times, one cannot simply talk about risks of
individual surgery in isolation. Three papers published
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CT examinations in 344 hospitals in 20 countries have shown
that (.64% to 3. 4% of the patients undergoing CT examina-
tions reach cumulative effective doses (CED) of =100 mSv in
a 1- w S-year perind. The papers estimated that about (0.9
million patients probably reach a CED =100 mSv every year
globally through recurrent CT examinations alone.

About every fifth patient (nearly 20f%, 13.4-28% in the
whole sample) who was exposed to more than 100 mSy in
this study was <50 years old. Further, these papers identified
patients in this cohort who are < 30 years of age and with no
malignant disease. One of these three papers assessed imag-
ing appropriatencss in a subset of p;.l.llc‘l'l[:i.? While previous
studies documented overuse of CT or unoptimized tech-
niques, neither of these was the case in the above cohort

Can we tell millions of these patients that CT is a low-dose
mmaging modality? This is reasonable only if medical physi-
cists consider their responsibility to be limited to single CT
examinations and excludes managing the patient’s overall his-
tory of medical radiation exposure. Medical physicists have
responsibility toward patient radiation safety and that is what
creates requirements in nationail regulations for their appoint-
ment at first place.

Why have we missed identifying the magnitude of cumu-
lative CT doscs so long”? Perhaps because we have been
guided by “fear™ of misuse of cumulatve dose. We often say
that radiation is not as harmful as the fear of mdiation. Much
a5 we preach avoidance of fear, we are ourselves affected by
fears, otherwise we would have identified the issue much ear-
lier. Assessing calories in a single item of food as well as the
whole meal and full daily intake of food all go together. If we
stop at a single examination, we are missing the very purpose
for which we assess the mdiation dose.

AGAINST THE PROPOSITION: TIMOTHY P.
SZCZYKUTOWICZ, PH.D.

Opening Statement

The label “low dose” is arbitrary and imphes there exsts
“high-dose” imaging modalities. It 15 a label misused by our
community o assuage patient fear over CT screening exami-
nations and by researchers and vendors to sdvertise their
technical improvements. Here follows my arguments for why
the label “low dose™ is flawed and why CT must not be con-
sidered “high dose.”

1. Current CT doses are below the level at which, accord-
ing to widely accepted data, radiation-induced cffects
occur. The AAPM policy on this topic states . . epi-
demiological evidence supporting increased cancer
incidence or mortality from radiation doses below
100 mSv is inconclusive.™” Diggnostic CT dose levels
range from kess than 1 mSv to ~20 mSv (e.g.. mult-
phase torso examinations ) depending on indication. "

. The lack of a definition for “low dose™ has resulted
in the term “low™ corresponding to a continuously

R o e L R al R B RE ] S B

b




Jduosnuepy Joyiny d-HIN

=
e
=
>
=
=
=
=
o
=)

N

t:%F-n'E.lﬂ'i'»--"f"'ah

NIH Public Access

Author Manuscript

Published in final edited form as:
AJR Am J Roentgenol. 2013 June ; 20006): 1275-1283. doi:10.2214/AJR. 12,1001 1.

HOW RADIATION EXPOSURE HISTORIES INFLUENCE
PHYSICIAN IMAGING DECISIONS: A MULTICENTER
RADIOLOGIST SURVEY STUDY

Pari V. Pandharipande, MD, MPH'Z2 Jonathan D. Eisenberg, EA1-2-6, Laura L. Avery,
MDZ#, Martin L. Gunn, MD*, Stella K. Kang, MD2>, Alec J. Megibow, MD, MPH®, Ekin A.
Turan, BA'Z H. Benjamin Harvey, MD, JD13, Chung Yin Kong, PhD'23, Emily C. Dowling,
MHS'2, Elkan F. Halpern, PhD'<3, Karen Donelan, ScD'?7, and G. Scott Gazelle, MD,
MPH, PhD'2:2

'Massachusetts General Hospital Institute for Technology A:

Patient Vignette
The survey began with the following vignette: “A PCP (Primary Care Provider) calls you, a
radiologist, to discuss imaging options for a patient that he recently saw in clime. The
patient 15 a 35-year-old man with non-specific abdominal pain.

“Department of Radiology, Massachusetts General Hospital
*Harvard Medical School
“University of Washington Department of Radiology, Harbon

*Department of Radiology, NYU Langone Medical Center

SUniversity of Massachusetts Medical School After discussing the nature of the patient’s pain and presentation, and after weighing the
nsks and benefits of all possible imaging options, vou recommend a standard
abdu::minnpa:lvin: CT. You determine that in this Parrcm s CAse; IS e DI 15 ]ikc]}' to be
Abstract emprmnnramanemnnng 12Ny — t0 all other imaging options.

"Mongan Institute for Health Policy at Massachusetts Gener.

As you arc about to hang up, the PCP remembers some additional information. He states that
the patient has had 15 prnior CT scans, totaling 150-mSv. These took place atter a car
accident 10 years ago. Imhal scans were performed routinely as part of a trauma protocol

no abdominal Tnjurnes were detected. and the paticnt did not tndergo surgery. Subscqucnt
scanning was for follow-up of mecidental findings, all bemign. You and the PCP agree that
the patient’s accident and incidental findings are not related to his current abdominal pain.

The PCP asks for your final recommendation, in light of the patient’s prior radiation
exposure history.”



Pandharipande et al. Page 13

Did the participant recommend a low-dose YES NO
strategy when provided with the patient's 237/322 = 74% 85/322 = 26%
Exposure hlstory’) (Q"l } [Eﬁ % - 81 .-"i:lj 1"19 Yo - 34 /o)

Did the participant indicate that YES NO YES NO
patient exposure history influenced [F2EEVZAR0FE 11/322 = 3% 69/322 = 21% 16/322 = 5%
their final decision? (Q2) (59% - 79%) (2% - 6%) (15% - 26%) (3% - 9%)

*Beneath all multicenter percentages, percentages are provided (in parentheses) which reflect the ranges
of the three individual, participating institutions.
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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
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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.
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Body CT Scanning in Young
Adults: Examination Indications,
Patient Outcomes, and Risk of
Radiation-induced Cancer’

Robert L. Zondervan, BA

Peter . Hahn |".-1|;' PO Purpose: To quanufy patient outcome and predicted cancer risk

EII;;'r' | . SdIJ.L.-' I";1|:I [rom body computed tomography (CT) in voung adults and
yl A, Sadow, s i .

Bob Liu, PhD

Susanna | Lee, MD, PhD

ilentily common indications for the imaging examimnation.

This retrospectuve multucenter study was HIPAA comph-

ant and approved by the msttutional review boards ol
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Among young adults undergoing body CT, risk of death
from underlying morbidity is more than an order of mag-
nitude greater than death from long-term radiation-in-
duced cancer.




Outcome and Predicted CT-induced Gancer Risk for Patients Undergoing Chest CT without a Known Cancer Diagnosis

No. of CT Cancer Mo. of CT Cancer
Cases Deaths

Percentage of CT

Frequency of Scanning MNo. of Patients No. Dead Percentage Dead Cancer Deaths

Very rarely, 1-2 scans 5914 215 36 5 3 0

Rarely, 3-5 scans 418 M 12.2 1 1 0.1
Moderately, 6-14 scans 95 28 29.5 0 0 0.3
Frequently, > 15 scans 12 6 50.0 0 0 0.6
Overall 6439 47 ] 4 0.1

Mote.—For all comparisons, P =< .001.

/{4

Table 8

Outcome and Predicted CT-induced Cancer Risk for Patients Undergoing Abdaminopelvic CT without a Known CancerjDiagnosis

MNo. of CT Cancer No. of CT Cancer

Percentage of CT

Frequency of Scanning Mo. of Patients Mo. Dead Percentage Dead Cases Deaths Cancer Deaths
Very rarely, 1-2 scans 11291 219 1.9 12 6 0.1
Rarely, 3-5 scans 452 66 6.9 3 1 0.2
Moderately, 6-14 scans 219 21 9.6 1 1 0.4
Frequently, > 15 scans 10 3 30.0 0 0 0.8
Overall 12472 309 2.5 16 8 0.1
Mote.—For all comparisons, P < .001. Real data LNT mOdel




Qur findings demonstrate that young adults undergoing body CT are at a higher risk of dying of
radiation-induced cancer than the general population. The average risk of an American man or
woman between the ages of 18 and 35 dying within a 5-year window is 1.1% (23). In contrast,
the observed monality rate over the 5.5-year follow-up period in our study was 7.1% and 3.9%

in the chest and abdominopelvic CT cohorts, respectively; even among very rarely scanned
noncancer patients, in whom the lowest death rates were observed, monality was still higher
than in the general population at 3.6% and 1.9%, respectively. In this context, the added 0.1%

death risk attributable to radiation from CT scanning, while not negligible, is tiny in comparison.
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Moreover, for the radiologist advising a
patient or referring physician about ra-
diation concerns, our results define the

patient’'s underlving medical morbidity,
rather than ClT-induced cancer, as the
dominant factor driving a potentially

adverse outcome.
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Impact of Reduced Patient Life
Expectancy on Potential Cancer
Risks from Radiologic Imaging’

Radiology

David J. Brenner, PhD, DSc
Igor Shuryak, MD, PhD
Andrew J. Einstein, MD, PhD

Purpose: To quantify the effect of reduced life expectancy on cancer
risk by comparing estimated lifetime risks of lung cancer
attributable to radiation from commonly used computed
tomographic (CT) examinations in patients with and those
without cancer or cardiac disease.

SIISAHd TYIIA3IN ™ HIYVIS3IH TYNIDIHO

Conclusion: The importance of radiation exposure in determining opti-
mal imaging usage 1s much reduced for patients with mark-
edly reduced life expectancies: Imaging justification and
optimization criteria for patients with substantially reduced
life expectancies should not necessarily be the same as for
those with normal life expectancies.
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Cumulative effective dose

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”

Contents lists available at ScienceDirect

Physica Medica

journal homepage: www.elsevier.com/locate/ejmp

Technical note

Estimates of the number of patients with high cumulative doses through
recurrent CT exams in 35 OECD countries

Madan M. Rehani™, Michael Hauptmann"

# Mommachusetts General Hospita MA 02114, ISA
® Inustitute: of Biostatistics and Re carch, Brandenburg Medical School, 16816 Newruppin, Germomny

COMPUTED TOMOGRAPHY Q

Check for
updates

Multinational data on cumulative radiation exposure of patients
from recurrent radiological procedures: call for action

Marco Brambilla® © - Jenia Vassileva® - Agnieszka Kuchcinska® - Madan M. Rehani®

/Revised: 15 September 2019 / Accepted: 17 Ocober 2019 /Published online: 2 December 2019
Radiology 2019

Abstract
Objectives To have a global picture of the recurrent use of CT imaging to a level where cumulative effective dose (CED) to
individual patients may be exceeding 100 mSv at which organ doses typically are in a range at which radiation effects are of

DDCET]
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This Policy is Mo Longer Active.

POLICY NAME POLICY DATE SUNSET DATE

AAPMSACRIHPS Joint 5tatement on Proper Use of Radiation Dose
Metric Tracking for Patients Undergoing Medical Imaging Exams

Section
Mo section assigned

Policy source
August 6-7, 2021 Board of Directors Meeting Minutes
Policy text

It is the position of the American Association of Physicists in Medicine (AAPM), the American College of Radiology (ACR), and the
Health Physics Society (HPS) that the decision to perform a medical imaging exam should be based on dinical grounds, including
the information available from prior imaging results, and not on the dose from prior imaging-related radiation exposures.

AAPM has long advised, as recommended by the International Commission on Radiological Protection (ICRP), that justification of
potential patient benefit and subsequent optimization of medical imaging exposures are the most appropriate actions to take to
protect patients from unnecessary medical exposures. This is consistent with the foundational principles of radiation protection
in medicine, namely that patient radiation dose limits are inappropriate for medical imaging exposures. Therefore, the AAPM
recommends against using dose values, including effective dose, from a patient's prior imaging exams for the purposes of
medical decision making. Using quantities such as cumulative effective dose may, unintentionally or by institutional or
regulatory policy, negatively impact medical decisions and patient care.

This positicn statement applies to the use of metrics to longitudinally track a patient's dose from medical radiation exposures
and infer potential stochastic risk from them. It does not apply to the use of organ-specific doses for purposes of evaluating the
onset of deterministic effects (e.g., absorbed dose to the eye lens or skin) or performing epidemiological research.
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- I Sealth Plan

December 29, 2011

]
CAMBRIDGE, MA 02138

RE: High Radiation Exposure Notification

Dear. D The BEIRVII Report (Biological Effects of Ionizing Radiation) estimates that a population of

As you know, NG - I

bt mansen.Togetor i M, we v syl ma i | 11A1VIdUials exposed to 100 milliSieverts (mSv) has a one percent increased risk of developing cancer
may be at risk of or have already exceeded federal standards for exposure to ex. dmng thell‘ llfetlme The I'ISk becomes enough of a concern when One IS exposed ‘to 50 mSv

The goal of this program is to identify and educate N providers
doses of ionizing radiation.

Through this program, Il has calculated approximate member exposure to io; Accordmgly’ thls ls beglnnmg to be used as a threshold in Identlf}ylng those who merlt Spe(na]_ levels

through the performance of standard x-rays, CT scans, mammograms, nuclear §
and PET scans, utilizing Tufts Health Plan claims data for the period Septembe f a.tt
0 entxon

The BEIRVII Report (Biological Effects of Ionizing Radiation) estimates that a
individuals exposed to 100 milliSieverts (mSv) has a 'one percent increased risk

Aoiog, it g o L e g s Enclosed is mformatmn on I 1 crbers under your care as of November 7, 2011 who._
of attention. "

Enclosed is information on NS members under your care as of N have been ldentlﬁed Wlth GXPOSUIG 1 ateS Of = 40 mSV Of lOIlIlelg l'adlatlon BeCallSG 10nlzlng
have been identified with exposure rates of >40 mSv of ionizing radiation. Bec

radiation exposure is cumulative, these members fall into a high-risk category d radlatlon exposu,re ls cumulatlve these members fa]l lnto a hlgh"‘IISk Category due tO thell' per SOIlal

exposure over time,

We appreciate your collaboration in providing quality care to our members. Foy CXpO SUI'C over tlme
| ;

radiation safety, please visit
Thank you.

Sincerely,

]
- Senior Medical Director
Director of Clinical Quality Improvement and Medical Affairs

This gets real quick. This
crap science is giving
another reason for
insurance companies to
deny claims.

O
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@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
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Crappy image risk vs radiation
risk
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Noise

noise

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

Makes more
photons

Lets more photons
go into image
Makes more
photons
Blurs image, so

noise goes
down

Makes more
photons

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

Parameter Affect on noise
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Beam energy T
Slice thickness T

NE
Dose P N
NE

Bone/lung switch to brain/soft
tissue kernel/algorithm

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

Tube current J
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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

Makes more
photons Parameter Affect on noise ;
-
Lets more photons Beam energy /]\ ’
go into image
Makes more
photons

Blurs image, so
noise goes

down tissue kernel/algorithm
Pitch T No effect is using AEC, if
Makes more
Shatons manual then T

Tube current J
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CT Dose Physics 101
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280 mAs 70 mAs 20 mAs 10 mAs
So the exponent on dose is -0.5

. — n
Noise = c(Dose)
Image from: A method to extract image noise level from patient images
in CT, Malkus and Szcz... Med. Physics 2017
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Article  Open access Published: 19 December 2024
Optimization of abdominal CT based on a model of

total risk minimization by putting radiation risk in
perspective with imaging benefit
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BEIR VII
report based
risk using
linear no
threshold

model

isk (mortality per 100 patients)

Radiation Risk

Model
missing
cancer due
to images
that are
noisy

Clinical Risk

Total Risk
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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
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Thanks!

Feel free to contact me at
tszczykutowicz@uwhealth.org
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