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Computed Tomography: patient dosimetry

scan volume

patient scan (complicated dose assessment)
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Computed Tomography: simple phantom imaging
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This study is a Monte Carlo-based analyses

Dose spread in : A Monte Carlo study
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Monte Carlo validation
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Monte Carlo: Methods

CT scanner geometry (SIC)
> Accurate specira using TASMIP Model (KV and HVL)

Different bow tie filters (GE-VCT, Siemens AS+, none)

o

o

Different diameter cylinders (10-50 cm)

Cylinders are infinitely long

o

Different materials (PMMA, water, polyethylene)

Different regions of integration in the phantom

(a) " cptnancat anom
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annuli and cylinder
are equal area

Much smaller area and
, volume, hence

hence equal volume | more noise in results

center  edge
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open cylinders cylinders

(a) " cancatgeantoen

Beam Geometry

+ <— point x-ray source

o Complete 2x source rotation around object

o 100 um beam width at isocenter (8-function)

0.1 mm beam width at isocenter
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Dose versus position: regional differences
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Dose versus position: material differences differences
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Dose versus position: bow tie differences
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Dose versus position: spectal differences

Higher effective beam
energy lead to longer
range scatter
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Dose versus position: diameter differences

More scatter escape
with smaller diameter
phantoms
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Dose versus position: smaller volumes noisier
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DSF: a classic bi-exponential function

DSF(z) = fe* + (1-f)e”™

Linear vertical axis

Log vertical axis

DSF: a classic bi-exponential function

<> dose from interaction of primary photons

+— first-order scatter (source was once-scattered photon)

<> N -order scatter (source was a scattered photon)
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DSF: a classic bi-exponential function

DSF(z) = fe™ + (1-f)e”

«=0.0171 mm
B =0.2967 mm
=0.7884

DSF(z)

Defining the beam profile for width W:

real CT beam

l *)‘ ’(;W
ﬁ—fuIcﬂnn ~>‘ ’(—W D <— RECT function*

- -

DSF() = fe + (-f)e”
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Defining the beam profile (BP) for width W:

real CT beam

i e
a—!u[chon *>‘ ’(—W D <— RECT function*

A A \\7777
DSF(2) BP(2)
DSF() = fet & (-f)e” BP(z) = DSF(2) ® RECT[ﬂ

DSF(z) = P(z) + 8(2).

Dose(z) = J 7 DSF(z - z")I(z")dz’,

where T1(z) is a RECT function of width w defined by

[{z) =Py, z=—wi2to+w/2,

[iz)=0. elsewhere.

CT scan of length L for beam width W (helicahl §can):
pitch=
real CT beam real CT scan

l RECT function (at centen)***

als I A
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CT scan of length L for beam width W (axial scan):

contiguous
real CT beam real CT scan

l COMB function (at center)
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(narrower than W)

D(z) = BP(Z) ® COMBE}
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o Dose Spread Functions (DSFs) are a useful construct for understanding the

distribution of radiation dose during a CT scan in a simple, cylindrical object

o DSFs provide the basis for a mathematical understanding of CT dose under a

limited set of geometrical and scan parameters.

o This work has shown — quantitatively — the limitations of the CTDIvol metric and

results have guided designs for more accurate — yet large — CT dose phantoms.
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Effective Dose

Organ Doses.

!

IcRP 103
values

!

Effective Doses

!

Organ 0D (mGy) W, ED (mSv)
Gonads 010 008  0.008
Bone marrow 0.10 0.12 0.012
Colon 0.10 0.12 0.012
Lung 1.00 0.12 0.120
Stomach 0.52 0.12 0.062
Bladder 0.48 0.04 0.019
Breast 015 012 0.018
Liver 1.02 0.04 0.041
Esophagus 0.00 0.04 0.000
Thyroid 0.50 0.04 0.020
Skin 0.10 0.01 0.001
Bone surface 0.25 0.01 0.002
Brain 0.00 0.01 0.000
Salivary Glands 0.00 0.01 0.000
remainder 0.05 0.12 0.006

arbitrary examples M 0.32msv

Toul ED
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