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Since no CT image looked ñover-exposed,ò 

the community lost the sense of needing to

adjust the mAs or kVp for patient size, 

as was inherent to film/screen imaging.
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January 22, 2001

ÅñCT scans in children linked to cancerò

ïUSA Today News

Å"Each year, about 1.6 million children in the USA 

get CT scans to the head and abdomen--and about 

1,500 of those will die later in life of radiation-

induced cancer, according to research out today."
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February 2001Issue of AJR

ÅBrenner DJ, et al.  Estimated Risks of Radiation-
Induced Fatal Cancer from Pediatric CT

ÅPaterson A, et al.  Helical CT of the Body: Are Settings 
Adjusted for Pediatric Patients?

ÅDonnelly LF, et al.  Minimizing Radiation Dose for 
Pediatric Body Applications of Single-Detector Helical 
CT: Strategies at a Large Children's Hospital.
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FDA Public Health Notification:
Reducing Radiation Risk from Computed Tomography for

Pediatric and Small Adult Patients

November 2, 2001

While the benefits of computed tomography are well known 

é those benefits are not without risks.

... emphasize the importance of keeping radiation doses... as 

low as reasonably achievable, especially for pediatric and 

small adult patients, who may sometimes receive more 

radiation than needed to obtain diagnostic images. 

... stress the importance of adjusting CT scanner parameters

appropriately for each individualôs weight and size, and for 

the anatomic region being scanned.
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Dose management is about getting the 

right dose

for the specificpatientand 

the specific diagnostic task. 

For large patients,

this can indeed mean adose* increase. 

*Doubling the mAs on an obese patient to achieve the same 

image noise as standard patient results in only an approximately 

30% increase in effective dose due to the extra layers of fat 

tissue ñshieldingò many of the sensitive internal organs 
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ñRight-sizingò the dose

mAs works - IF all else constant
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Technique charts

ÅAdapt the scan parameters to

ïspecific patient

ïspecific diagnostic task

ÅReduce dose for pediatric and small patients

ÅImprove image quality for large patients

ÅEnsure consistency across practice

ïdose and image quality
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What mA is required to match image noise 

as patient thickness varies?
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What mA is required to image a newborn?
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What mA is required to image obese patients?
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Exponential relationship between patient 

thickness, mAs, and measured photons

No= N Å exp (0.693 Å t / HVL)

To achieve same image noise (N)
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Estimating Patient Attenuation

ÅLateral width (skin to skin) at the level of the liver

ïfrom the A/P

CT radiograph

ÅFor patients with very 

large upper chest or hips

ïuse measurement from the 

level of the liver

ïIf in doubt, go up up a size

ÅReconstruction (display) 

FOV chosen as usual

ïmay be different from the width used to determine mAs. 

33 cm
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Generalized Technique Chart
(fixed slice width)

Abdom en & Pel vi s t echni que f or  Adul t s

La t e r a l  pa t i e nt  w i dt h 
( c m )

m As
( r e l a t i v e  t o s t a nda r d Adul t  pr ot oc ol )

2 2 . 1  -  2 6 0 . 4

2 6 . 1  -  3 0 0 . 5

3 0 . 1  -  3 5 0 . 7

3 5 . 1  -  4 0 1 . 0

4 0 . 1  -  4 5 1 . 4 *

4 5 . 1  -  5 0 2 . 0 *
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Guiding principles

ÅAll decisions made in the direction of conservative 

dose reduction

ïwanted no non-diagnostic exams

ïcan iteratively reduce further as staff gain comfort

ÅInvolve pediatric and adult radiologists and lead techs

ÅER, inpatient and outpatient scans

ÅGet leadership buy-in

ÅProvide mandatory education with roll out

ÅAim for consistency, staff must use chart
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Example
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AEC:Automatic Exposure Control

ÅRadiographic ïphototiming

ÅFluroscopy- automatic brightness control
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X-rayattenuation

ÅVaries over body regionand with projection angle

ÅImage noise is primarily determined by noisiest projections 

(thick body parts)

ÅMore photons (dose) to thinner body parts is unnecessary 

radiation dose
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Three Levels of AEC

ÅFor a single cross section, automatically 

adjust the mA along different directions 

ï(x-y modulation)

ÅFor a single patient, automatically 

adjust the mA for different body parts

ï(z modulation) 

ÅFor different patients, automatically 

adjust the mA based upon the patient size

ïñRight sizingò dose for each patient
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Scanned with adult protocol
(but using AEC dose reduction strategy)

Mean eff. mAs = 38

Example:  6 year old child

Reference eff. mAs = 165

mA
variation



Routine Abd/Pelvis (5 mm)

Reference eff. mAs = 240

61 y.o. female

30 cm lateral width -> 120



88 eff. mAs 122 eff. mAs



Routine Chest/Abdomen/Pelvis (5 mm)

Reference eff. mAs = 240

71 y.o. male

43 cm lateral width ->340



95 eff. mAs 101 eff. mAs

369 eff. mAs 205 eff. mAs



Routine Abdomen/Pelvis (5 mm)

Reference eff. mAs = 240

51 y.o. male 

48 cm lateral width ->350 @ 140 kVp
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What to do when you see this (or similar)
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Donôt proceed until you try é

ÅDecrease the pitch (gives same effective mAs will less 

mA, may be within limits)

ïIncreases scan time, which may invoke other tube loading 

limits, so make sure CTDI doesnôt start to drop

ÅUse wider collimation

ïDecreases scan time again

ïLimits thinnest slices that you can reconstruct

ÅIncrease kV

ïDecreases iodine contrast

ïMUST change threshold for bolus tracking trigger

ïMust set a new target mA value (e.g. quality reference mAs)
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Donôt proceed until you try é

ÅIncrease rotation time 

ïIncreases scan time

ïCan affect contrast media timing

-AND-

ÅBe sure to make sure timing and slice width trade offs 

are acceptable for the exam type (e.g. angiography)

ÅWider image width and smoother reconstruction 

kernels may be needed

ÅUse extended FOV option if available
(minimizes truncation artifacts ïstreaks and white regions at edge of FOV)



191 eff. mAs

351 eff. mAs

340 eff. mAs
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Effective mAsdecreases 

relative to our technique charts

ÅExam average 21.0%

ÅUpper lung 29.7% 

ÅBreast 54.8% 

ÅLiver 13.2%

ÅPelvis 23.2%
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Eff. mAsdecreases relative to a single 

eff. mAsvalue (i.e. no technique charts)

ÅAverage of all patients 18.5%

ÅSlim patients 44.9% 

ÅLarge patients 3.1% 
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Percent eff. mAsreduction relative

to our technique charts
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Automatic exposure control

ÅAnalogous to photo-timing

ÅUser determines IQ (noise) requirements (hard)

ïdonôt need ñprettyò pictures for all diagnostic tasks

ïneed to choose low noise, standard, or low dose dependent 

on the diagnostic task

ÅSystem determines the right mAs (easy)

ÅWill adjust mA

ïduring rotation (x,y)

ïalong z-direction

ïx, y and z
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