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Content

A Understand dosimetric quantities to be used in-Ray
Imaging for different modalities

A Recognize what different parameters represent

A Understand the limitations

A Introduce new dosimetric concepts proposed




Measurementsand Units
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XA Projection

A Exposure Index and -
Deviation Index

A KAP A air kerma in a [ Providedby thesystem

plane, integrated over the
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Fluoroscopy

Cumulative air kerma
(CK) at the
Interventional Reference
Point (IRP)




Computed Tomography

A CTDI A Measuredin a acrylic
cilindric phantom with a pencil
lonization chamber
Representshe average dosein a
phantom over the central scanof
a seriesof scans
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Comprehensive Methodology
for the Evaluation of Radiation Dose
in X-Ray Computed Tomography
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DLP A CTDI ,, X L
Describesthe cumulative dosefor
the entire examination

Status of Computed Tomography
Dosimetry for Wide Cone
Beam Scanners
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Equipment specificdosequantities

WHAT DO THEY REPRESENT

Standardized parameters to evaluate output

Useful tools to compare different equipment, protocols,
procedures




From operational gquantities

to patientdose




XA Projection

A Equipment specific dose quantities (IAK , KAP) could be used to
estimateorgan and effectivedose

Severalprogramsbasedon MC codes(i.e. PCXMC)
Anatomical data basedon antropomorphic phantoms
E calculatedusingeither ICRP 60 and ICRP 103 w;

Radiation

i i Specific
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and ReferenceFemale Specific




Mammography

A Absorbed Dose to breast (AGD) estimated using simplified models
(Dance et al.):

Energy imparted to
breast tissue calculated
with MC code

Compression
Paddle

Breast
thickness

0,5 cm skin




CT

1. CTDI,, and DLP asdoseindicators

Limitations:

. They representaverag

They Are Not the Same Thing'
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' Michael F. McNitt-Gray, PhD

“A Method for Describing the Doses
Delivered by Transmission X-ray
Computed Tomography.” In that article,
they introduced the computed tomogra-
phy (CT) dose index (CTDI) as a metric
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In 1981, Shope et al (1) published

tifying the radiation output of a CT scan-
ner in a consistent and reproducibly
measured fashion. This is because the
primary beam emitted from the scan-
ner (originally a relatively thin fan beam,
which with current technology has ex-
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CT

1. CTDI,, and DLP asdoseindicators

Use:
Description of scanneroutput

Comparison among different protocols, technical parameter settings,
different scannergqattention to the phantomeused!)and different centers

Optimization
Indication of how output is adjustedfor patientsize (e.q. pedsprotocols)
Relative comparison(i.e. Referencelevels)




2. DLP o0to o E conversion

E=DLP>x

k factors calculatedusing MC calculations and defined per anatomical

region

Limitati

A oM NO SCANNER SPECIFIC | Sover

Scan

A Paie NO PATIENT SPECIFIC




3. Organ doseestimation

A Organ dose estimated using programs based on MC codes A
parameterizationof many scanners

Severalprogramsbasedon MC codes(i.e. IMPACT CT, ImpactDose,CT
Expo é )

SCANNER SPECIFIC
NO PATIENT SPECIFIC

Radiology

Paul D. Deak,

Yulia Smal, M Commission on Radiological Protectio (ICRP)pbl
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Effective Dose

RISK ASSESSMENT
___INDIVIDUAL

not beusedo assesssksof stocmstieffectsn retrospectistuationgor
r shouldit beusedn epidemiological

exposura identifiedindividuals
evaluationsf humanexpos

guantityfor theestablishmeioff 1ologicaprotectiorguidancelt should

Accurate estimation of organ dose




Size-Specific Dose Estimate

CTDIvol does not account for patient
size A different values for patients of
different size means scanner output is
being (usually properly) adjusted for
patient size




Example

120kVp 100 mAs 120 kVp at 200 mAs
¥ |
A
9 cm 0

32 cm 32 cm
phantom phantom

CTDI,, = 10 mGy CTDI ,, =20 mGy

vol — vol —




Size-Specific Dose Estimate

CTDIvol does not account for patient
size A different values for patients of
different size means scanner output is
being (usually properly) adjusted for
patient size

AAPM Report 204 (2010 describesa
methodto takeinto accountpatient size

Report describescoefficients based on
Lateral Width and AP thickness to
calculate an effectivediameter to be
appliedto CDTI

SSDE againis not patient dose
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Example

120kVp 100 mAs 120 kVp at 200 mAs

) ()]

32 cm 32 cm
phantom phantom

CTDI,, = 10 mGy CTDI ,, =20 mGy

vol — vol —

SSDE = 13.2mGy SSDE = 13.2mGy
Different CTDI ,,,A Equivalent SSDE




CT

A Patient-specific doseestimate (PSDE)
WA Kalender

To account for the total scatter A proposal for combining
information coming from CT images where organ could
segmentedwith the bestfitting mathematical phantom

Fast MC to obtain the whole body dose distribution
describingalso TCM and filters

Contouring to obtain organdose

REALLY NEEDED FOR EVERY PATIENT?




Background

NCRP 160 (2007) eMettler et al. (2008)
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Background

B3 Excess Radiation Exposes CT Scan Patients to Memory and Hair Loss and Possibly Cancer

When school teacher Becky Coudert started losing her hair and had trouble with her
memaory shewas told she may have received up to 14 times the radiation required during
her CT brain scan. Coudert soon filed a class-action lawsuit against G.E Healthcare, the
manufacturers of the scanning equipment, for allegedly exposing her and possibly
hundreds of other patients to excess radiation.

The FDA recently found that hundreds of patients in Los Angeles and Huntsville were
provided with roughly eight times the recomimended radiation levels from the CT
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Radiation Overdoses Despite F.D.A. Warnings

Froblams with radiation overdosss during CT brain perfusion scans became apparent in zoog,
leading to an investigation by the Food and Drug Administraticn, Despite repeated warnings by
the F.DLA., patisnts at Cabell Huntington Hospital in West Virginia continued to received
slavated levals of radiation.
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A ring of hair loss is one of the symptoms of the radiation
overexposure.




