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Administrative note about this SAM/CE activity:

SAM participants: get a SAM handout, complete it, 
and return it to the FLAAPM Secretary forand return it to the FLAAPM Secretary for 
processing.  You will not receive SAM credit unless 
FLAAPM gets a completed SAM participation formFLAAPM gets a completed SAM participation form 
from you.

Participants will receive performance evaluation:
• An overall score
• Documentation of own vs. correct responses
• Feedback/references for incorrect responses
• Comparison of personal score to score distribution of the• Comparison of personal score to score distribution of the 
group



The campaign goal is to change practice byThe campaign goal is to change practice byThe campaign goal is to change practice by The campaign goal is to change practice by 
increasing awareness of the opportunities increasing awareness of the opportunities 
to lower radiation dose in the imaging ofto lower radiation dose in the imaging ofto lower radiation dose in the imaging of to lower radiation dose in the imaging of 
children.  children.  



The Image Gently Campaign The Image Gently Campaign 
F di O i tiFounding Organizations:

The Society for Pediatric Radiology
A i A i ti f Ph i i t i M di iAmerican Association of Physicists in Medicine
American College of Radiology
A i S i t f R di l i T h l i tAmerican Society of Radiologic Technologists

C t d Th Alli f R di ti S f tCreated: The Alliance for Radiation Safety 
in Pediatric Imaging



Alliance Organizatons Alliance Organizatons gg
Academy of Radiology Research
American Academy of Pediatrics
American College of Medical Physics
American Institute of Ultrasound in Medicine (new 8/29/2008)American Institute of Ultrasound in Medicine (new 8/29/2008) 
American Osteopathic College of Radiology
American Registry of Radiologic Technologists
American Roentgen Ray Society
American Society of Emergency Radiology
American Society of Pediatric Neuroradiologyy gy
Asian-Oceanic Society for Paediatric Radiology (new 7/23/2008) 
Association of University Radiologists
Canadian Association of Radiologists
Coalition for Imaging and Bioengineering Research (new 8/7/2008) 
Conference of Radiation Control Program Directors
E S i t f P di t i R di l ( 9/2/2008)European Society of Paediatric Radiology (new 9/2/2008) 
National Council on Radiation Protection and Measurements
North American Society for Cardiovascular Imaging (new 8/1/2008) 
Radiological Society of North America.
The Royal Australian and New Zealand College of Radiologists (new 8/12/2008) 
Society of Interventional Radiology (new 8/13/2008)Society of Interventional Radiology (new 8/13/2008) 
Sociedad Latino Americana de Radiología Pediátrica
Society for Pediatric Interventional Radiology
Society of Computed Body Tomography and Magnetic Resonance
Society of Gastrointestinal Radiologists
The Society of Nuclear Mediciney
The Society of Nuclear Medicine - Technologist Section
Society of Radiologists in Ultrasound
Society of Uroradiology



A team approach: A team approach: 
Community radiologistsCommunity radiologists
TechnologistsTechnologistsgg
Medical PhysicistsMedical Physicists
ParentsParentsParents Parents 



Why the focus on Pediatric CT?Why the focus on Pediatric CT?
Public concerns of potential CT risks
Brenner et.al.  American Journal of 
Roentgenography, 2001.



Brenner and Hall, NEJM 2007Brenner and Hall, NEJM 2007
62 Million CT scans
At least 4 million on children



Excess Cancer Cases (Radiation Excess Cancer Cases (Radiation 
Induced Risk) vs Attained AgeInduced Risk) vs Attained AgeInduced Risk) vs Attained AgeInduced Risk) vs Attained Age

BEIR VIIBEIR VIIBEIR VIIBEIR VII



1: The goal of the Image Gently Campaign is  1: The goal of the Image Gently Campaign is  
A. to raise awareness of the opportunities to lower 

radiation dose in the imaging of childrenradiation dose in the imaging of children.
B. provide a forum for professional societies to 

interact directly with CT manufacturers. 
C. support the development of more strict 

regulatory standards for pediatric doses.
D provide CT protocols that will meet the ACR CTD. provide CT protocols that will meet the ACR CT 

accreditation pass/fail requirements for CT dose.
E. to raise funds to support further research into 

di l di ti ff t t hildmedical radiation effects to children.

Answer: A. to raise awareness of the opportunities to lower radiation dose in the pp
imaging of children.

Ref: www.imagegently.org



2:  The excess cancer cases from CT examinations 2:  The excess cancer cases from CT examinations 
are generally expected toare generally expected to

A decrease with decreasing age of exposure and increaseA.  decrease with decreasing age of exposure and increase 
with increasing attained age.  

B.  decrease with increasing age of exposure and increase 
with increasing attained agewith increasing attained age. 

C.  increase with increasing age of exposure and decrease 
with increasing attained age. 

D. increase with both increasing age of exposure and 
increasing attained age.

E decrease with both increasing age of exposure andE. decrease with both increasing age of exposure and 
increasing attained age.
Answer: B.  decrease with increasing age of exposure and 

increase with increasing attained ageincrease with increasing attained age.
Ref:  Health Risks from Exposure to Low Levels of Ionizing 

Radiation, BEIR VII – Phase 2, Washington D.C., The National 
Academies Press, 2005.,www.nap.edu



Physicists’ contributions: Physicists’ contributions: 
Dose evaluation and quanitificationDose evaluation and quanitification
Evaluation of image qualityEvaluation of image qualityg q yg q y
Protocol development and verificationProtocol development and verification



Quantifying the CT “Dose”Quantifying the CT “Dose”
Effective doseEffective dose

Weighted sum of organ doses
Intended to reflect overall (whole body) risk
Does not reflect organ specific risks for partial 
body scans
Accurate measurement of organ doses



Quantifying the CT “Dose”Quantifying the CT “Dose”
CT D I d CTDICT Dose Index:  CTDI
CTDIw – Intended to provide 
an average dose across thean average dose across the 
transverse plane of the 
patient. 

CTDIvol – Extrapolates
Adult 
Abdomen

Pediatric 
AbdomenCTDIvol Extrapolates 

CTDIw to a volumetric average 
by including pitch in the 
calculation.

bdo e bdo e

Pass/Fail 
CTDIvol

30 mGy 25 mGy

ACR Pass/Fail 
Standards now based 
on CTDIvol

Reference 
CTDIvol

25 mGy 20 mGy





Estimated effective dose based onEstimated effective dose based on
Measured CTDIw 

Scaled to CTDIvol

Assumed scan length 
15 cm Ped
25 cm Adult

Scaling factors from “old” MCNP studiesScaling factors from old  MCNP studies



Evaluation of Image QualityEvaluation of Image Quality
S bj ti l tifi d b l t tSubjectively quantified by low contrast 
tools; ACR or other Image Quality 
PhantomsPhantoms
Decreased dose results in increased 
quantum noisequantum noise. 
Limits determined by tolerance of 
radiologistradiologist
Image Gently – encourages increased 
tolerancetolerance



Proposed Image Gently ProtocolProposed Image Gently Protocol
“How to Develop CT Protocols for 
Children” 
Concept:  Reduce mAs based on adult 
protocolsp
“Reduction Factors” function of 

Patient age orPatient age, or
Patient thickness





Simplified InstructionsSimplified Instructionspp
Start with an appropriate Adult Protocol
Determine age, or AP thickness of Ped 
patientpatient
Look up the Reduction Factor (Abdomen, 
Thorax or Head))
Multiply the Adult mAs by the RF to get the 
Pediatric mAs (kVp remains constant).



3: The Alliance for Radiation Safety in Pediatric 
Imaging recommends a technique to develop CT 
protocols for children based on

A. a set of tabulated values of kVp, mAs, and pitch for 
various sizes of pediatric patients. 

B. incorporating mA modulation into routine scanning 
l

g g
protocols.  

C. scaling the kVp from adult protocols to specific patient 
sizes.

D. scaling the mAs from adult protocols to specific patient 
sizes.

E.  incorporating appropriate bow-tie filters and increasing p g pp p g
the pitch for pediatric scans. 

Answer: D. scaling the mAs from adult protocols to specific patient sizes.
R f ”H t D l CT P t l f Child ”Ref: ”How to Develop CT Protocols for Children”, 

http://www.pedrad.org/associations/5364/files/Protocols.pdf



4: The ACR Accreditation Dose Requirements 4: The ACR Accreditation Dose Requirements 
for the Pediatric Abdomen (5 yr old) is 25 for the Pediatric Abdomen (5 yr old) is 25 
mGy of the measured quantitymGy of the measured quantitymGy of the measured quantity mGy of the measured quantity 

A. CTDI100

B. CTDIw.B. CTDIw.
C. CTDIvol.
D. DLP 
E. Effective Dose.

Answer: C. CTDIvol.
Ref: American College of Radiology, “CT Accreditation Program 
Requirements”, 
http://www.acr.org/accreditation/computed/ct_reqs.aspx



Example:  Example:  
Adult Technique:  120 kVp, 150 mAs
Pediatric Patient:  5 yr oldy
Reduction Factor:  RF=0.59
Ped mAs = (150 mAs)(0 59) = 88 5 mAsPed. mAs = (150 mAs)(0.59) = 88.5 mAs

Pediatric Technique: 120 kVp, 88.5 mAs



How well does it work?  How well does it work?  
Measurements performed for a GE 16 Slice scanner

Adult Abdomen Technique (120 kVp, 150 mAs) 
18.0 mGy = CTDIvol

Using the Adult Technique on Ped AbdomenUsing the Adult Technique on Ped Abdomen
36.3 mGy = CTDIvol

Note:  Does not satisfy the ACR Ped Body Dose Requirement

Proposed Ped Technique (120 kVp, 88.5 mAs)
21.3 mGy = CTDIvol

Not quite as low as adultot qu te as o as adu t
Actual Ped Technique (120 kVp, 48 mAs)

11.6 mGy = CTDIvol



5: Based on the following table, a 
facility that uses an Adult 
H d t l f 120 kV 250

kVp
mAs Reduction 

Factor (RF)

Head protocol of 120 kVp, 250 
mAs, pitch=1,  the “Image 
Gently” CT protocol for a 1 yr 
old patient would be

Abdomen Baseline: 120 250

Abdomen

p

A. 120 kVp, 125 mAs, pitch=1
B. 120 kVp, 200 mAs, pitch = 1

PA Thickness (cm)
Approx

Age
mAs Reduction 

Factor (RF)

9 newborn 0.43

12 1 yr 0.510 p, 00 s, p tc
C. 100 kVp, 250 mAs, pitch = 2
D. 100 kVp, 125 mAs, pitch = 0.5
E. 80 kVp, 250 mAs, pitch = 1.

12 1 yr 0.51

14 5 yr 0.59

16 10 yr 0.66

19 15 yr 0.76
E. 80 kVp, 250 mAs, pitch  1.

22 small adult 0.90

25 med adult 1.0

31 large adult 1.27

Answer: A. 120 kVp, 125 mAs, pitch=1.
Ref: ”How to Develop CT Protocols for Children”, 

http://www.pedrad.org/associations/5364/files/Protocols.pdf



Example 2:  Example 2:  
Previous example illustrates a reduction in 
the CTDIvol but not demonstrated for 
organ doses, or effective dose.
Performed a series of phantom p
measurements using an anthropomorphic  
model of a 1 yr old.y





Adult TechniqueAdult Technique-- 150 mAs150 mAsAdult TechniqueAdult Technique 150 mAs150 mAs
32 cm 16 cm 1 Yr 
Cylinder Cylinder Old

CTDIw 12 4 27 1CTDIw 
(mGy)

12.4 27.1

Organ 25.5g
Dose 
(mGy)
Effective 
Dose 
( S )

1.8 4 9.3

(mSv)



Peds Adusted TechniquePeds Adusted Technique-- 76 mAs76 mAsPeds Adusted TechniquePeds Adusted Technique 76 mAs76 mAs

32 cm 16 cm 1 Yr 
Cylinder Cylinder Old

CTDIw 15 4CTDIw 
(mGy)

15.4

Organ 16.1g
Dose 
(mGy)
Effective 
Dose 
( S )

2.3 5.8

(mSv)



Other Dose Reduction Other Dose Reduction 
ConsiderationsConsiderations

kVkVkVpkVp
Pitch ChangesPitch Changes
mA ModulationmA Modulation
BowBow--Tie FiltersTie FiltersBowBow Tie FiltersTie Filters
Breast ShieldsBreast Shields
C l I di ti f CTDIC l I di ti f CTDIConsole Indication of CTDIConsole Indication of CTDI



Changing kVpChanging kVpChanging kVpChanging kVp

Additi l d d ti bAdditional dose reductions can be 
achieved by appropriate reductions in kVp. 
Frush provides tables based on patient 
weight for typical techniques.  
For 5 yr old example: 
100-120 kVp, 60 mA, 0.5 s, pitch= 0.75100 120 kVp, 60 mA, 0.5 s, pitch  0.75
Results in 11.6 mGy
L kV d d f t itiLower kVp recommended for extremities



Pitch ChangesPitch ChangesPitch ChangesPitch Changes

Pit h h b t d lt dPitch may change between adult and 
pediatric techniques, or for abdomen and 
th t lthorax protocols.
Account for this by using Effective mAs

Effective mAs = mAs/Pitch = mAs NT/IEffective mAs  mAs/Pitch  mAs NT/I



mA Mod lationmA Mod lationmA ModulationmA Modulation

P id t ti ti f bProvides automatic correction of beam 
intensity to keep constant intensity at 
d t tdetector.
Automatically reduction of mAs.
User input maintains a minimum 
signal/noise for image quality. g / g q y



Adult TechniqueAdult Technique-- 150 mAs150 mAsAdult TechniqueAdult Technique 150 mAs150 mAs
32 cm 16 cm 1 Yr 1 Yr Old 
Cylinder Cylinder Old w/ 

CareDose
CTDIw 
(mGy)

12.4 27.1

O 25 5 11 9Organ 
Dose 
(mGy)

25.5 11.9

(mGy)
Effective 
Dose

1.8 4 9.3 4.3
Dose 
(mSv)



Peds Adusted TechniquePeds Adusted Technique-- 76 mAs76 mAsPeds Adusted TechniquePeds Adusted Technique 76 mAs76 mAs

32 cm 16 cm 1 Yr 1 Yr Old 
Cylinder Cylinder Old w/ 

CareDose
CTDIw 
(mGy)

15.4

O 16 1 7 1Organ 
Dose 
(mGy)

16.1 7.1

(mGy)
Effective 
Dose

2.3 5.8 2.6
Dose 
(mSv)



BB Ti FiltTi FiltBowBow--Tie FiltersTie Filters
Dose reduction protocol assumes that same 
b ti filt t f dibow-tie filters are present for corresponding 
adult/pediatric exam types.



Breast ShieldsBreast ShieldsBreast ShieldsBreast Shields
Effectively reduces entrance exposure and dose to 
near surface organsnear surface organs
Little effect on image quality
Little effect on centrally located organs due to scatter 
contributions
More effective for large patients than small
D t t d t id 25 35% d d tiDemonstrated to provide 25-35% dose reduction on 
peds. 
Shouldn’t be used in conjunction with mA modulationShouldn t be used in conjunction with mA modulation



Console indication of CTDIConsole indication of CTDI
Some dose indication required for new scannersSome dose indication required for new scanners
Present either CTDIw or CTDIvol

C d l i di ti ith d CTDI f 15Compared console indication with measured CTDI for 15 
scanners

4 major manufacturers
Multiple models

Console vs. Measured 
Typically within 5% for adult body and head protocolsTypically within 5% for adult body and head protocols
Console is about 50% of measured for Pediatric body 
protocols



Concl sionsConcl sionsConclusionsConclusions
Image Gently Campaign focusing on reduction ofImage Gently Campaign focusing on reduction of 
pediatric doses in CT

May ultimately extend to other examinations andMay ultimately extend to other examinations and 
procedures

Promotes a team approach:pp
Community radiologists
Pediatricians
Technologists
Physicists
Parents



Concl sionsConcl sionsConclusionsConclusions
Provides a simple framework to ensure pediatricProvides a simple framework to ensure pediatric 
doses are no greater than adult doses

Reduction Factors for mAs scaling based on patientReduction Factors for mAs scaling based on patient 
size

More aggressive dose reductions can be gg
achieved by incorporated kV changes, mA 
modulation, local shields, etc. 
Provides a number of resources on-line
Take the Pledge at  www.imagegently.org
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