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TO understand recent

technological advances In
MSCT and how they can be
effectively applied In daily
practice.
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Ist  generation Linear
scanning and rotation,
pencil beam

2nd  generation Linear
and rotation, wider
beam

3rd generation Rotation
only, fan beam

4th generation Rotation
fixed detectors




41. Increased detector “face” on the z axis

| 2. Cone beam

13. Advanced software for rapid processing of

Increased data volume ADCT
-

HMJJM%W.

Helical: 20 sec 4DCT: 5 sec 16MDCT 2.5 sec
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4° Detector arrays consist of either
§ - Fixed lengths

| | < variable lengths

I Onthe zaxis




A. Technica parameters Influencing
guality and

Section collimation/slice thickness
Table feed

Pitch
Total volume

Evnnellrn 'F ~tAr
CAPUSUINC 1dCLUI

Gantry tilt
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4TOPOGRAM h SCANOGRAM

The first digital x-ray
Required for our scanning plan

I't illustrates the position of the
axial slices on an AP or LAT
projection of ROT.

Necessary for gantry tilting
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Xe-ray Tuhe

Tube Collimalor

Collimated Slica
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T

Deitector Collimatar

I-Row-Deiacio

B-Row-Deiecior

Courtesy of Siemens Med A.G Library
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of scan sections, expressed in cm.

Lo 1t depends on the scan time and
table speed.

2 £ . Estimated by the formula:
| A L=TIXTS

b TI= scan time
TS=table speed

4- Determines the length of a series




* |s the ratio:

~+ For most clinical
applications:

P= 15-2.0

 Artifacts appear
when P>2.
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Total Volume V

Blanck.,C(1998) Understanding Helical Scanning
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the SC chosen is not what we get.

4- In helical scanning, unlike segmental
|+ The effective section thickness is the

result known as section width SW.

~ & £. The SW is proportional to the pitch
and depends on many factors
including the interpolation algorithm.




Exposure factors

______

Tube voltage (kV) 70- 140 kV
Tube current (mA)
Exposure time (s)

High kV recommended for HRCT ka1 QCT
mAs selection depends on scanner and pt
size

Increase in mAs= increase in pt dose

They are selected based on the desired
image quality at a minimum dose.
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A higher kV setting
leads to:

better penetration,

less image noise
rise in dose

In clinical practice,
120KV is sufficient

 For obese patients
140 kV is suggested.

X-ray Tube

Tube Collimator

e =

Collimated Slice



Tube current is expressed in mAs and is

L4 Qe patient dose is proportional to the
eflective mAs

N@ptimal mAs is very difficult to define



4 » Represents the time

- required for a
complete tube
revolution around the
patient.

« Large RT provide less

volume coverage but
produce Dbetter In-
plane resolution
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Reduces dose to
radiosensitive organs,
e.g. the eye lenses in
head scanning

Causes image
distortion

F‘UIUIIIIdlLUU Illldgbb
will be out of ‘true’
plane.




+ The time required for
a complete  360°
3around the examined
volume.

 Longer ftime selection
permits for shorter
ength scanning and
higher resolution




* May eliminate dose to
radiosensitive organs i.e.
lens during brain CT

+ Selected to reduce high
density artifacts i.e. teeth
implants during facial bone
CT

* Must be avoided when post
processing is hecessary



A. Technical parameters influencing

guality and dose

Reconstruction &

Presentation

1.FOV

2.lmage Matrix size
3.Reconstruction Algorithms
4.Reconstruction Increment
5. Window level/centre
6.Window width

Image
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Picture
" Element
(PIXEL)

N Volume Sl

 Element PIXELS
(VOXELT ™
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Spiral Convolution algorithms

Body algorithms

Head algorithms

Soft tissue/Smooth algorithms
Mid/mild algorithms

Bone/lung/High resolution algorithms
FBP algorithms

Advanced reconstruction algorithms
-  TIterative algorithms
Noise reduction algorithms

4 It's all maths...



Low Dose + ASIR

y are selected when the S g |
|mage quality level desired at a T
' um dose has been o

Vendor Algorithm Noise reduction

GE ASIR 66%

PHILIPS iDose4 IRA 50%

SIEMENS SAFIRE 66%

| TOSHIBA

AIDR 3D 50%
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the overlapping of axial sections without
Increase in exposure.

* It defines the degree of overlapping
between axial sections.

« GENERAL RULE: RI selected must
generate images with at least 30%
section overlap

4  The fundamental advantage of HCT is
i

N




Window level & width WL/WC & WW

WL/WC, Determines the median
density /brightness of structures
visualized

' _» /2. WW, Determines the average
pF contrast of structures visualized.

Selection is based on the specific
diagnostic requirements.
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TISSUE & ORGAN DENSITIES

Table 12.1a Density of all tissues

Table 12.1b Density of parenchymal organs and fluids
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HEAD CT windows

Gray scale TR o)
e = Hounsfield units (HU)
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Chest CT:
Mediastinum and Lung windows

—_— -

" Hounsfield unit (HU|




N POST | IMAGE
DATA  processine PROCESSING | REFORMATION

REPRESENTATION OF THE PROCESSING STEPS
FOR IMAGE CREATION AND IMAGE
REFORMATION IN CT
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Post processing

Max intensity projn(MIP)
Min intensity projn (mIP)
MultiPlanar Reconstruction (MPR) & (Cur'vedMPR)

3D Reconstruction

| Surface Shaded Display (SSD)

L Volume Rendering Technique (VRT)

»wn e
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* Dual source CT:
1. Tissue differentiation

2.Immediate bone and vessel
subtraction

3.Mass and plaque

characterization

4 Fluid differentiation
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Radiation Protection

Diagnostic Reference Levels DRLs




Clinical indication
Decrease beam energy (mA)
Increase pitch

Accurate scanning of volume
Apply AEC

. Raw data storage

TS IIETY

lepagradial datincs lnmm

Average 180 mAs




4+ Situation analysis

4 « Why increased frequency?

|+ Why increased dose?

* |s the dose really high”? How high”?

~ & - What can be done to manage patient
dose?

— What can RGs do?
— Action for manufacturer
— Action for physician & radiologist




Sources and distribution of average radiation exposure

to the world’s population

Others (All Manmade Sources)
Fcn:ldeater /1%

Radon (Natural
Internal Exposure)
-

Earth Gamma Radiation
~. (Natural External Exposure)

Medical Exposure
i

Cosmic Rays.-

http://www.who.int/ionizing_radiation/en/ (Last visited: Aug 12, 2011)



(b) Contributions to
UNSCEAR 2000 collective dose

(a) Contributions to Other

Angiuf 99 Chest
frequency Interventio o 15%
Angio/ nal
L]
Interventional 10%

1% Other Skeleton

CT 29 12%

3% Head

GI tract 1%

5% Abdomen
2%
Chest CcT
Abdomen 1100 349, Gl tract
5% 17%
Head

6%

Skeleton 29%



« 20 years ago, a standard CT of the thorax
took several minutes while today similar
information can be accumulated in a single
breath hold making it attractive, patient &
user friendly

« Advances in CT technology have made
possible CT fluoroscopy and interventional
procedures, in some cases replacing
ultrasound guided interventions

K Recently CT screening is picking up
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Unlike radiography where over-exposure
results in blackening of film, better image
quality is obtained with higher exposures in
CT

There Is a tendency to increase the volume
covered in a particular examination

Modern helical CT involves volume
scanning with no inter-slice gap and with
possibility of overlapping scans

Repeat CT examinations



¥ Same exposure factors used for
| children as for adult

» Same exposure factors for pelvic
& (high contrast region) as for
abdomen (low contrast region)

______
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What is the dose from CT?

How hlgh’?

The effective dose in chest CT is in the
order of 8 mSv (around 400 times more
than chest radiograph dose) and in some
CT examinations like that of pelvic region,
it may be around 20 mSv

3+ The absorbed dose to tissues from CT
can often approach or exceed the levels
known to increase the probability of
cancer as shown in epidemiological
studies

fppt.com



Effective doses in CT
and radiographic examinations

CT Effective dose Radiographic Effective dose
examination (mSv) examination (mSv)

Head Skull 0.07

Chest Chest PA 0.02
Abdomen 10-20 Abdomen

Pelvis 10-20 Pelvis
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Breast dose in thorax CT may be
as much as 30-50 mGy, even
though breasts are not the target of
imaging procedure

®+ Eye lens dose in brain CT, thyroid
In brain or in thorax CT and gonads
in pelvic CT receive high doses



Tissues in the field although they are not
the area of interest for the procedure

Breast tissue
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Typical doses in mGy during CT
in adults (Shrimpton et al. 1991)

Examination Thyroid Breast Uterus Ovaries Testes

Head 1.9 0.03 5
Cervical spine 44 0.09 *

Thoracic spine 0.46 28 0.02
Chest 25 21 0.06
Abdomen 0.05 0.72 8.0

L. spine 001 013 24
Pelvis i - 0.03 26

The symbol * indicates that dose iIs < 0.005 mGy




Does spiral CT give more or less

radiation dose?

4- It depends upon the choice of factors

le Even though it is possible to perform a
spiral CT with lower radiation dose
than slice-by-slice CT, in practice the
patient gets higher dose due to the
factors chosen (scan volume, mAs,
pitch, slice width




Does multi-slice CT impart more or
less radiation dose?

|« An increase by 10-30% may occur
with multi-slice detector array




* Most doctors, including many
radiologists have a feeling that modern
CT scanners which are very fast give
lesser radiation dose

. * Unfortunately time’ and ‘radiation dose’

are not proportional in such a situation

~ + Over the years the x-ray tubes are

- becoming more and more powerful
such that they can give high bursts of x-
rays which can give satisfactory image
In shorter exposure time




Radiation Doses of Typical Medical Examinations
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Average Annual Natural Background Radiation

5 2 mswy
1.5 m5v 1.5 mSv
1
0.4 msSv
0001 mSy 0005 mSe 0.1 mSv
I

K-ray- Dental K-ray- Mammo- X-ray- CT-Chest CT-Head CT-5pine Whole
Extrarmity A-ray Chest qraphy Spine  Low Dose Body PET

Allindorm stion from radislagyinloong sscept “Whoks Body PET" (Sounce: Radiation Exposure of Patients Undengoing 'Whale-Body Dual-Modality 18F-FDG PETACT
Examinations, Brin G et al., INK, dbcd, 472005 and “fwerage Annvual Background Radistion”™ {Source: hitpy feeraiass ong/PublicationsFactshestsEnglishdradlile homl)
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ICRP Publication 87
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4 Objectives

1. To become familiar with CT Dose
Indicators

| 2. Toincorporate national DRLs
B 3. To utilize dose reduction tools
| . To tailor protocols accordingly

______
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Computer Tomography Dose Index
Volume (CTDIvol)

» Reflects the total of average doses CTDIw
for a given section of a total L

N

TF

SC




qume Computed Tomography Dose Index (CTDIvol)

e Sl Unit: mGy

Is different for diameters of 16cm and 32cm

equal exposure & scanning parameters, CTDIvol is doubled for
diameter compared to 32 cm diameter.

>1DlI,, presented is according to vendors’
measurements.

imetry controls CTDIvol accuracy.
o Vs Dose is influenced by many factors and by patient

fppt.com



Dose Length Product (DLP)

calculated by the
'%%system and is presented
on screen.

Expressed in mGy.cm
‘ product of the total
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Chest
Liver

Pelvis
Abdomen

Chest upper

(cm)

E/DLP*

Conversion
factor




‘Medicine — AAPM (Report 204) has introduced a
newer indicator that involves both,




~oop |0 Pearls: Radiation protection of patients

Radiation i n CT

Protection of

i https://rpop. /aea org/RPOP/RPoP/Content/Documents/Wh/tepape

1. Perform scan only if it is indicated!

It is estimated that a significant number of imaging
examinations are unnecessary

Consultation between the referring physician and the
radiologist is recommended

2. Encourage use of alternative non-
ionizing imaging (MRI,US) when
= - = appropriate
Ultra Sound Magnetic Resonance especially in younger patients
Imaging

Please notify staff if
you think you might be
pregnamnt!

3. Always check if patient may be pregnant

Use special signs and infermative material
notifying patients that they MUST disclose
any possibility of pregnancy

4. High quality /Crisp images may
look nice but they impart higher

radiation dose to patients
Start using images with some
noise without loss of diagnostic
information

nage Cuality: Urmessssarily high Image Cuslily: Adequate for disgrosis " ww*mm“‘:’iﬂ ot

5. Use indication-specific CT protocols for each body
region, e.g. for lung nodule follow up or kidney stones,
diagnostic images can be obtained at 50-75% lower
radiation dose compared to routine or general use

protocols

Related Postes!
10 Praris: Approp

http://rpop.iaea.org
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DRLs : NCRP Report No17

AVASS
St

2
1

DRLs, Gazette 3176/B/26-11-2014

| 3 *NCRP Report No. 172

g 1 CT head 75 mGy
CT adult abdomen 25 mGy
@\ CT adult chest 21 mGy

CT paediatric abdomen (5 y old) 20 mGy

B CT paediatric head (5 y old) 34 mGy

fppt.com

(67mGy)

(16mGy)

(14mGy)

(-)

(-)

Greek Gazette 3176/B/26-11-2014



PROJECTED TOPOGRAM
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Dose Alert

A dose value will be exceeded!

The accumulated CTDIvol (1177 41 mGy) will locally exceed the alert value (1000 mGy for Adult).
g" | Please reconsider the current examination procedure.

Hint The cumrently used scan protacol can not be saved|

User name (mandatory)

Diagnostic reason

ord

DOSE NOTIFICATION

One or more elements In this exam plan will exceed the dose notification lewel that has been set.

Halical B4 f4F M. 10 el om

|
Helizal miGy. e L ey, e

e | B0t




confirmed.

|« Other modalities with less or no
&~ | radiation dose must be considered.
. & (e.g. Ultrasound, MRI)

- =+ Optimisation of acquisition protocol

4- Clinical indications for CT must be
i




aware of the
s I|m|tat|ons and the

e actively involved in
ol tailoring with the
ysicist and
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Visit IMAGEGENTLY.ORG for pediatric
protection information.

« Rad Protn Publications

W.IMAGEWISELY.ORG  |AEA 1996 BSS - Guidance levels
opyright © 2010 American College of « ECRP109EC 1999b DRL
iology « |CRP 103 2007 New recommendations

(Education-Training)

« ICRP 105 2007b New recommendations

. (Education-Training)

B -//\www.eurosafeimaging.org/ UNSCEAR 2000 Report Annex D Medical

R Eurosafe Imaging radiation exposures

 Rad Protection EN 118 2000

« UNSCEAR 2008 Report Annex A Medical

_ radiation exposures

S/ pop.iaca.org/RPoP/RPoP/Conte ¢ |AEA IBSS Edition 2011

dex.htm * Hellenic Radiology Society Diagnostic —

\ Radiation Protection Of Patients Therapeutic Protocols 2011
P




