AIATNQTIKA EMINEAA ANADOPAZ (AEA):

O POAO2 TOY2 2THN IATPIKH AMNEIKONI2H

BeAtiwon mpwTtokOAwv YT
&
n ouveloPopa Twv AEA

FLavvng AViwvakog
AKTIVODUOLKOC,
B’ Epyaotrplo Aktwvoloyioag, EKMA




CT: Mta dnuodAnc emAoyn

= e Computed tomography exams
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CT: ouvelo@opa otn doon

OL e€etaoelg otnv afovikn topoypadia:

e JuvelodEpouv T0 17% TWV AKTLVOAOYIKWV
g€eTAOEWVY

e JuvelodEpouv to 49% tnC evepyol S6oNC amo
OAEC TLC OKTIVOAOYLKEC EEETAOELC

e 310 H.B. n ouvelopopa otn 660N avepyeTal
ot0 68%! (HPA,2010).

Radiological examinations
Collective dose
CT
7% Rest cr
1k 49,

Rest

07y
'-.-'-.-'.'|:-'.|

Mettler et al, Helath Phys 2008, 96:502-7



resolution

http://www.imp.uni-erlargen.de/forshung/dose/htm



H apyn tnc atttoAoynonc

H ocwotil tApnon Twv KPLtnplwv Tapamopnie eival “jm
avaykaio mpolnoBeon ywa tnv e€aodaAion tnS PACIKAC

apPXNG AKTLVOTIPOOTAOCLAC, TNC ap)NC TNC QLTLOAOYNONC. ,
AKTINOMPOSTASIA 118

|
KAINIKO NPOBAHMA IYITAIH { 2 !
BAGMO] Odnyieg y1a TNV mapamopmn
. . . aoBEVWV YIa AKTIVOAOYIKEG
A. KepaAn (oupgnepiAapBavopevwyv mpoBAnuarwv QPA) = eEETAOEIC
=
= ' 20 ) . . 1 ' =
Zuyyevels avopohieg MR (@) Evdetavoran (T) ATOogaaTian eEetaon yue Okeg TS duonoogiss wa =
ATOQENYETEL 1 LoVTiCovon axtvopohie. Towg va -
yoeuiletor owduiotaty CT yro oviopokles Ton 0O0TWY, 3
{yue T mdue fiheme i T pednd maldid oo amoLTel Tl v a0, g
o rjuie 1) Al EEetaore Ty mepimtmom US yioo veoywd, s . .
Ayyeano epnepadirs T (1) Esdelstvuron (T H CT aElohovel WHavomoLiird TvS TEDLOOOTEDES ® ‘
EMerodLo (CVA), aupvidu TMEQUTTIOELS HOiL OELYVEL TIV CLUODOyi,
TOOTPoLY
MR (0) & Ebeéc eEeTdoeg H MR sl NM elval mo evalotinteg and ) CT o T | Ty
NM () (B) TOOULD ELGOELTo ®al v [fudfec 1ou onlofon folipou.
US waoomidov (0)  Asv evdelivutal EEGLOEOELS YL 0 QIO O EYOUV VODDIOEL TAN0E
me Mg WAL YL T0 oTola oyedlaleTaL ¥ELouDYLHT TS
Suoduraoia (1) wopotibag ) eEEeooonevo eprepoiind ETEWOHLO Grov
A2 Wy el vmonpla Suymowopend 1 eufidhon, o
TTapod s Lo oL US sopumidan Evbelovotay (B) Edw vmdpygowy apgifohies oyeTed pe n dupvoon 1)
emelgodLD (TIA) (0 ely ayedbLdleTal eyyelonom. EEwotdatar o peyiho Pabdud
QG TV #ATH TOMOVE Mo T wil Tovg diabéauiong




* CTDI oc (kV)"
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kVp & ZKLaypadLko

CT Liver
lodine Contrast vs. kVp

A. 300 mgl/ml
300

230

200

= S M all

150 =B=edium

Contrast

Large

100

CT Liver
50

B. 370 mgl/ml

60 a0 100 120 140 160
kVp

Phantom size: small 30x13 cm, medium 30x21 cm, large 36x27 cm

Furuta et al. 2003. Hepatic Enhancement in Multiphasic Contrast-Enhanced MDCT: Comparison of High- and Low-lodine Concentration Contrast Medium in Same
Patients with Chronic Liver Disease



kVp

>WHototutoc aaoBevn & amelkovioTikn dltadlkaoio

Afovikn KotAlog

BaOuog zuoxsttonq 41-60 kgr 61-80 kgr | 81-100 kgr | 101-120 kgr | 120-140 kgr

MuKpOG 140
M£00G 100 100 100 [N 140

* oAU pkpn E€etdoelg pouTivag Xwpig oklaypadlko
* Muwpn JUKWTL/TIAYKPEQC

* Méon E€etdoelg poutivag pe oklaypadlko

* loyupn CT evtepoypadia, CTU, métpeg

* [loAU Loxupn CT ayyeloypadia



CTDIy, ¢ mAs

9

Noise oc ——
Vv MAS

3

* Meiwon tng 66onc¢ oto
LLLOO CUVETIAYETOLL
avénon tou BopuBou
kata 40%.

240 eﬁe

ctlive

mAs

N




Avtouato cvotnua ekBeonc (AEC)

To AEC xpnowuomotel ta mAs (4 mA) avaloya pe tnv e€aocBevion tnhe aktvoPoAiag
TIPOKELUEVOU va emteuxBel pa otabepn mowotnta ewkovac (otabepo emimedo

I
Bopufovu)
Table 1: AEC Techniques with CT Scanners from Different Vendors
e Meiwon tn¢ doonc: Toshiba
o , }\ AEC Type GE Healthcare Philips Healthcare =~ Siemens Healthcare Medical Systems
O 14-3SA) EVNALKEG Transverse SmartScan D-DOM Care Dose NA
o) 50_70% oTa T[al6 ld Longitudinal AutomA Z-DOM NA Sure Exposure
Angular and longitudinal Smart mA Work in progress Care Dose 4D Sure Exposure 3D
Image quality reference Noise index Reference image Quality reference Standard deviation
, , parameter for AEC mASs
® TpOT[Ol, Ed)apuovr]q: Minimum and maximum Present NA Controlled with mod- Present
, , tube current control ification of strength
o Avaloya pe to peyebog of modulation
tou (IO'GEVOUC Note.—NA = not available as separate item.

o Kata punkocg tou afova-z
o 210 emninedo x-y
o 3D-AEC (x-y-z)



Angular Modulation

mA during
1 rotation

@ @

ON©),

Tube Angle —»

%
G-
o]

Longitudinal (z) Modulation

Average mA
per rotation

Scan Distance (z) ——»

Longitudinal (z) and
Angular Modulation

mA

Scan Distance (z) —»



ECG synchronization + AEC




TomoBetnon acBevouc

H tomoB£tnon tou acBevouc moAU Kovtd otn Auyvia PROJECTED TOPOGRAM
dnuLloupyel peyeBuvon TNC EKOVOC aro To scout,

\ 4o¢m |
YEYOVO(C Ttou odnyet og peyaAltepn 60N He TNV ( _——
epappoyn tou AEC. \  36em
AcBevnc pe Aéppwpa 31- eTwv pe Aépdwpa \ /
urtoBARBnke oe afovikn 2 dopec peoa o€ 15 pepeg \ /"
W 0.

, , , , \ | CENTER ) /
H tomoBetnon tou acBevoug mo kovta otn Auxvia \ D /
EXEL WG amotéAeopa TV avénon tng 66onGg otov 00/
aoBevr katd 67%. L Low /—) )

www.rsna.org/education/search/ry




Beam Collimation

e JYtouc¢ MDCT 1o avotlypa tng S€ounc eivat katda 2-3 mm

ApLlOLOG TOp WV Slice HEYAAUTEPO ATIO TO AVOLYHO TWV OVLXVEUTWV
= 2t ) X Thickness * To dalvopevo eival Tio Evtovo o€ Uikpa slice thickness
neplotpodn
M.x. 20 mm 4 X 5mm

MeyaAo Beam collimation

- Neploootepn okedbalopevn, meplocotepo¢ B0puPog

+  TaXUTEPEC CAPWOELG, Alyotepn 6oon

(CT Owpakog , kolAlag)

Muwpotepo Beam collimation

Head protocol: Awyotepa artifact AOyw kivnong Kat 1o Kpiotpn n
amnewkovion low contrast Sopwv




Slice Thickness

1
\/ #photons

Relative Noise 100% 141% 200% 283%
Required mAs 100% 200% 400% 800%

%

* Auénon BopuBou

Noise oc

e Anauteitol peyaAltepn d0on yla va meTUXOUE
(Lo eminebo BopuPBou

* KaAUtepo Z-resolution (less partial volume effect)

Monnin et al. Optimal slice thickness for object detection with longitudinal partial volume
effects in computed tomography

SSP(z)

T=125 25 50 mm
p=0875 &0 -O-
\ |[p=1675 A -@- -l

z-axis position [mm]



Pitch<1

EriikaAudn petagl Twv Topwy
HETA oo 2 mMePLOTPOPEC TNG
Auyviag

Pitch

Pitch=

UETATOTILON TOV KPELATIOV VA TEPLOTPOPN TNG AVYVIAG

NT

Pitch=1

H pio topn Stadéxetal
EMAKPLBWCE TNC AAAN HETA ATIO
2 MepLOTPOPEC TNG AUXVLOG

H oxéon CTDI kaut pitch mpémnel va eA€yxetal

¥V

IR

Pitch>1

Karmoieg dopég dev
KaAUTtTtovtal amno tn 6éoun oe
OUYKEKPLUEVEG BEDELG TOU
tpanellov.



Auvéavovtac to pitch:

©

O MelwveTtal o Xpovog e€€TaonG

o Meiwon twv motion artifact

S

o dnuloupyia cone beam artifacts
(LOlaitepa oe pkpa collimation)

Pitch

Pithc:0,516

Pithc:0,562

2 cm beam collimation

pitch:0,983

4 cm beam collimation

T3 TN

=W RS

pitch:0,969

pitch:1,375

pitch:1,375



ErtavaAnmtikol akyoplOpol

* XPNOLUOTIOLOVV TILO PEAMOTIKA HOVTEAQ yLaL TN TEPLYpAdr) TNG YEWHETPILAG TOU CUCTAUATOG
KaL TN povteloroinon tou BopuPou UE OMOTEAEOHQ VA TIOPAYOUV Ka ursp% TcOLorr]ta
glKOvaC yLa ta ibLa row data oe oxeon pe tnv FPB peBodo. (ekovec pe pikpotepo BopuBo)

Table 2: IR Techniques Available from Different CT Vendors

Technique
and Details

GE Healthcare

Philips Healthcare

Siemens Healthcare

Toshiba Medical
Systems

Main IR
technique
Details of main
technique

Other available
IR techniques

ASIR

ASiR level is selected
at 10% increments
(10%—100%), with
increasing percent-
age associated with
lower noise

Veo, ASIR-V

iDose

iDose level can be
sef on a scale of
1-7, with in-
creasing number
suggesting lower
noise

IMR

IRIS

These techniques
work on a scale of
1-5, with increas-
ing number as-
sociated with lower
noise

Safire, Admire

Adaptive iterative
dose reduction

Three settings
(mild, standard,
strong) repre-
sent increasing
strength of noise
reduction

Adaptive iterative
dose reduction 3D

* Meiwon tng 66ong:
* 30-70%, eVALKEG
* Ewg 80% , matdla

Ko et al. Thoracic Imaging. An issue of Radiological Clinics of North America




FBP

ASIR30

ASIR50

ASIR70

Sarabjeet S et.al. Comparison of Adaptive Statistical Iterative and Filtered Back Projection Reconstruction Techniques



H KALVLKN €vOELENn

Standard HRCT A Low Dose HRCT

(i

1
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KAwvikn €vOelen: ALAXUTEG MVEUHOVLKEG
noOnoeL

KAwikn €voelen:Follow up

120 kV, pitch:1, helical mode, image 12-0 kV, pitch:1, spaced axial mode, image
thickness: 0.625-1.5 mm. 150-300 mAs. thickness: 0.625-1.5 mm. 40-80 mAs.



Noise = SD

HU,
SD,

SNR =




NPS,; = (1, fy) =

X

L L

X

y
N

y

ROI

ROI

L sy

=1

FT,o{ROI,(x,y) ~ROLY|

NPS (HU?2mm?)

600

w1
o
o

S
o
o

w
o
o

N
o
o

100

0.2

0.4 0.6 0.8
Frequency (mm)

1.2



Spatial Resolution

1
MTE;p(f) = | il )
J_ LSF(x)dx 0

Frequency (mm1)




Low Contrast Resolution

Area: 3.51 cm”2
min/max: 7741017
Mean: 901,38

JSDZ + SD2 /2 -3 |

CNR =

Area: 15,1 cm*2
min'max; 24,222
Mean: 114,03

SD: 25.46
Volume: 1.5 cm"3

HU, — HU, (HU, — HU,

HU, — HU,;,’\ SD; +SD,
2

LCD(%) = ( -100%




NowdTnTa ELKOVAC R(Ilp/mm)

F.OOM =K -
CNR Noise - \VCTDI
S.D
Spatial Resolution CNR
Artifacts F.OM=K: (E.D)?
Aoon
(1)
kv f3
| F.O.M = =
AL o2 -7, - CTDI,,,
CTDI
DLP _ MTF;, + MTFs,
av — 2
OTmou Z, = Z - sensitivity

o=SD

(1): Verdun et.al. Image quality in CT: From physical measurements to model observers



VGA Analysis

* YMOKELPEVLIKN a€loAOyNnon TG ELKOVAC OO TOV
QKTLVOAOYO.
* BaBpuoloyia pe kAipaka ano 1-5 pe faon
1. BEBalog OtL To KpLtrplo HeV LkavoToLeLTal
2. 2xebov BEBatog
3. AvamodAaoLoTog av TO KPLTHPLO LKAVOTIOLETOlL
n oxt
4. Kanwc BERaLoC OTL TO KPLTHPLO LKOVOTIOLETOL
5. BEBalog OTL TO KPLTAPLO LKAVOTIOLELTALL.

1 2 3 4 5
N Minimal or | No significant Noisy- Significant noise- High level noise-
i
no noise noise diagnostic affects diagnosis non diagnostic
Excellent Good Moderate Poor sharpness-bad | Zero visibility-non
Sharpness o oy . ;
sharpness | sharpness sharpness visibility diagnostic
Poor contrast- Non diagnostic-
Excellent | Verygood ; _ e
Contrast Good contrast unsatisfactory image similar to
contrast contrast G m
visualization use of no contrast
: ; _ None diagnostic
Diagnostic | Completely High Good . .
. : ; , Poor confidence confidence-
Confidence | confidence | confidence confidence
unacceptable
o , _ , Artifacts affecting
. ; Insignificant Minor Major artifacts- : ]
Artifacts No artifacts ) . : . ; diagnostic
artifacts artifacts | diagnosis still possible | | ,
information
Blotchy . Significant-diagnosis | Intense-affecting
Absent Mild Moderate

Appearance

still possible

diagnosis




VGA Analysis

Grade Mumber of decisions

Protocol A Protocol B

1 10 30 VGA, VGA,
2 40 50 (Protocol A) (Protocol B)
VGA,
3 30 15 :
0,00 0,00
4 15 5
0,10 0,30
5 5 0 0.8 —
0,50 0,80
Total 100 100 |
0,80 0,95
06 —
0,95 1,00
1,00 1,00
0.4 -
AUCVGC =0.69
standard error: = 0.04
0.2 95% confidence interval: 0.62 - 0.77
i p-value: < 0.0001
0 I — I —

0 0.2 0.4 0.6 0.8 1
VGA,



[Tawdlatpikot AcBevelg

Table 10.2b. European DRLs for computed tomography. EDRLs for head CT refer to 16
cm phantom and EDRLs for thorax and abdomen for 32 cm phantom. DRLs refer to a
complete routine CT examination (one scan series).

Computed to raphy
Exam Age or weight EDRL
group CTD,q, DLP,
mGy mGy cm
Head 0-<3 months 24 300
3 months-<1 vy 20 385
1-<by 40 S5
26 y 50 650
Thorax <5 kg 1.4 35
5-<15kg 1.8 50
15-<30 kg 2.7 70
30-<50 kg 37 115
50-<80 kg 54 200
Abdomen <5 kg 45
5-<15 kg 35 120
15-<30 kg 5.4 150
30-<50 kg 73 210
Hl-<50 kg 13 480

Radiation Protection No 185: European Guidelines on Diagnostic Reference Levels for Paediatric Imaging



SSDE= CF x CTDI,,

Effective

Conversion

e Effective diameter = \/AP x LAT

AAPM Report No. 204

Dia {(cm) Factor
=] 2.76
9 2.66
10 2.57
11 2.47
12 2.38
13 2.30
14 2.22
15 2.14
16 2.06
17 1.98
18 1.91
19 1.84
20 1.78
21 1.71
22 1.65
23 1.59
24 1.53
25 1.48
26 1.43
27 1.37
28 1.32
29 1.28
30 1.23
31 1.19
32 1.14
33 1.10
S 1.065




e AKTLvoduoLkol

e AKTLVOAOYOL

e Texvoloyol




"Ordinary X-ray examinations of the head
had shown the skull bones, but the brain had
remained a gray, undifferentiated fog...
Now, suddenly, the fog has cleared." *

* From Nobel committee’s presentation speech at Sir
Goldfrey Newbold Hounsfield’s award in 1979



