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Elwcaymym

Kivntipla ovvaun teyvoAoyikne e€EmEng e YT

MeydaAn éktaon ["o va kaAveBovv avaykeg yio

QTTEIKOVICOUEV
Trsplgxl:]g 1s > Afiomot CT ayyeloypogio/oneikovion pookapdiov
> A&idmotn peréteg oudrmong (perfusion CT)

/ \ »  Muwpotepn axtvikn enidpovon yio £€TalOUEVO

Mikpd¢ XpOvog looTpotrikn Al

» 2000-2010 “CT Slice War”

— Ano ‘thin’ oe ‘thick fan geometry’
« 2000: 1-4 touéc avd meproTpoPn

Single Row Multiple Row
« 2010: 64-320 Topég ava meplotpopn R ety ¥ Detectors




Elwcaymym

H eZeMén tov ... moAEuov

MeydAn ékTaon
ATTEIKOVICOMEVNG
mEPIOXNG

/\

Mikp6¢ Xpoévog looTpotrikn Al

2010: o moleuog praver oc Depean

Ag&[f; ;’-‘.'( ‘iw CT 2007C
z et AN ()
01071 il *55'&
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» 1 moiotnra ametkovions ue YT mhéov { ZEe. 1 NG
\/ - /

oev apnvel wepibapia. felticong

» Mixpo 10 avousvousvo operog oo
‘ueyaivtepn tayvtnte’n ‘kolvtepn XAI°




Ewcaywyn

To véo ‘casus bellr’

2010-onuepa: texvoroyikoc modepoc anetkoviong CT ovo evepyeimv
(dual energy CT war)



* Baowkeg puoikéc apyec YTAE
o ITleovektnuota YTAE ce oyéon pe ™ ovuPotikyy YTME

e Tiumopel va tpocpeperl 1 Y TAE oty arewovion
LWVOGKEAETIKOV;



Baocikeg puoikec apyéc Y TAE

| BACK T0 BASICS




Baowkég puoweg apyéc YTAE

ECac0¢vion axtivav X 0tav O1amepvouV LAIKOL

o

YYYYYYY

R )

H mBavotnta evoc gmtoviov vo aAANAETIOPAGEL Ko Vo, EYKOTOAENYEL TN 0EGUN
Eaptdron ano:
» TO TAYOC TOL DAKOV OV SLUTEPVAL 1] OEGUN

» 10 €100¢ TOL VAIKOV(Z, p)
> EVEPYELD PMTOVIMV H



Baoweg pvowkeg apyés YTAE

H siwxova YT

* Avtiotoyel o€ pio @éta (slice) Tov acbevoic

*  H mwn xabe pixel g ewovag (CT;) xabopiCetan
amd TN MEGT TN U _TOV 10TOV oL TEPIAauPAaver
oto avtictoyo Voxel p; (ekppacpévn e HU)

Onng i j) KOU Wyater ,
» EZoptdvrtor amd v evépyela 0éoung (CT beam energy)
> Avtiotorobv 6NV pEoT EVEPYELD TNG OEGHNG ’

80 100 120
photon energy (keV)




Boaoucég puowég apyeés YTAE

O oxondc ¢ omewkdvione YTME (SECT)

u(512,1)

" No kabopiotoivv L ; vio
I=1-512
J=1-512

w(1,N) u(512,512)




Boaowkég pvokeg apyec YTAE

[og vroroyiCovron TaL L iy ?

Detector J
array

lo: incident intensity
I: transmitted intensity




Boaowkég pvokeg apyec YTAE

Aym mpoPordv kor vroroyiouog U(l,])

» Aedopéva amoppoenonc and ~1000 tpoPorég AauPdvovtor Kot ¥pnoILoTotoVVTaL
v tov koBopiopd u(i,j) yio kdbe voxel

||ﬂ J.a" \ Projection n
Tl

—1.+~zet of detectors

Frojection 1

Source at Reconstruction ™
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)
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Baowkég puoweg apyéc YTAE

H telikn eucovo

To gy

» Eloptdvton omd v
evépyela 0éounc (CT
beam energy)

»  AvTIoTOLOVV GTNV
LEGT EVEPYELD TNG
oéoung

F il




Baowkég puoweg apyéc YTAE

H apyn ™¢ anmocvvBeonc ce 000 Pactkd LVAKIKA
(decomposition to basis materials principle)

1000

1l
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0 20 40 60 80 100 120 E(keV)

0.88 cmwater + 0.18 cm iodine



Baowkég puoweg apyéc YTAE

H apyn ¢ amocvvleonc ce 000 Pacikd vAwkd otnv YT

* Ocwpovue

tissue
voxel

» 'Eva voxel pag ewkévag CT
» Avo vlxka Baong: Ca (bone) kai vepo (Soft tissue)

* H tyn p tov voxel umopei va ypapei o¢

o) e k) e

E : 1 néon evépyeta déounc (known)

Heags My - oL ypopp. ovvt. eEacéviong yio Ca (bone) ko vepo (known)
Ug: 0 ypapp. ouvt. eEacBéviong tov voxel (i,j)

Kcar Ky : ek@palouv 1o khdopa Ca kot vepol oto Voxel

OOV

YTME : ‘mowo givar n Tiun p yio ka0e voxel yva tnv péon evépyera g 0éoun tov YT

YTAE: ‘oo civar Ta KAdopato kii Ko km v KaOg Voxel’




YTAE: Myyn mpoPoAidv pe 000 0EGLEC OLOPOPETIKNG EVEPYELNG

ANy tpoforimv pe dEaun ANyn mpoforimv pe déoun
xouning evepyeog (Eyg,) VYNNG evepyerog (Epign)

- wget of detectors 2 __—T1~get of detectors

i .
III N

1] i \

":#”!!-____ Source at

e l position 1
o

| |
Source at Source at
ggition n osition n

Alyop1Ouog
AVOGUGTUGTC

¥

v EIKOvVEG 6UYKEVTPOOSN S PUCIKAOY VAIKAOV
v Ewoveg YT oc omoradfimote svépysia dEoung




ITAcovektnuoto YTAE o€ oyéon pe ™ ovppotikny YTME



[TAeovexktnuata YTAE

BéATiotn mo10tnTa IKOVOC Yol TNV GLYKEKPLUEVT TadoAoyia

YTME: Aqyn npoPoradv yio 0éoun 120 KV aveEaptnro amd to
OLOYVOGTIKO TPOPAN L
(e1KOVEC TOL avTIGTOLYOVV € péEom evépyela E = 77 keV)

. 80 kV 140 kV Ewovec og
YTAE ) (mean E=60 keV) (mean E = 86 keV) OﬂOl(XSﬁ?TOTS gvéprygla
(70 keV)
Contrast 1 Contrast |

. . Ipoppikodg cuvovacpog
noise 1 noise | 80 & 140 kVp
BéAtioto contrast/noise




[TAeovexktnuata YTAE

Ewdveg cuykévipmonc 000 Pactk®v VAIK®V :
m.x. vepo (Soft tissue) ko 1wo1o (contrast media)

80kVp

[dgatn amekdvion ympic oKy poPtkod
[Virtual non-contrast (VNC) imaging]

Ewova petd
YOPMNYNON CKLOLYPAPIKOV VNC image

Soppotikn ewova
TPV TO GKLOLYPAPIKO

From Marine et al. Radiology: Volume 271: Number 2—May 2014



[TAeovextuata YTAE

AvvoTOTNTO OTTAAELYNC TOV POTVOUEVOL
okAnpuvong déounc (beam hardening artifacts)

Beam hardening




[TAeovektuata YTAE

O A0yog HU, g, ko HUy; o eaptaton amo 1o €006 16T00

Line of identity:
> ‘water-like’ materials

i ingZ
iodine Teasmg E/ff 7

HU at 80 kv

400 600
HU at 140 kV




[TAeovextuata YTAE

KaOopiopog e ynuikne cotaons Tov 16100 GE
KéOe voxel uésw HUiow, HUnigh

effective Z > water

Huhw
line of identity: “water-like” materials

effective Z < water
-1000
/ HUpg,

HUlow/HUhigh
(and related metrics)
depend on effective Z

Energy 2:
.
o
Bone 450 HU lodine
LS. 144 HU
o o

140 kv

« Dual Energy Index (DEI):

HU80 B HU140

DE| =— ——8 " T-u0
HU,, + HU,,, +2000

Bone
Liver

Lung

Soft tissue

Skin

Proteins
Fat
Gall fluid




[TAeovektuata YTAE

ALOPOPETIKOL KATAGKEVOGTES — OLOPOPETIK)
TeYVOAOYIKN TpocEyyion YTAE

SIEMENS
Dual Source

N

kV Switching

& PHILIPS
Dual-Layer

Gantry Rotation ‘ TOSHIBA

High Tube Voltage / '\ W GantryRotations

I kVp Switching Between

Low Tube Voltage /" >



Axtivikn emPapovvon and YTAE

Tiwoyvel pe v axtivikn emPapovvon;

It took a lot of x-rays but we finally discovered what is wrong with
you. You are suffering from excessive exposure to radiation.




Axtivikn emPapovvon and YTAE

H gpotnon tov 1ME€

SHORT COMMUNICATION

Radiation dose efficiency of dual-energy CT benchmarked
against single-source, kilovoltage-optimized scans

'DAMNIEL S and “JIT PRATAP, B

BJR 2016 Shick and Pratar:

Advances in knowledge: DECT on a dual-source CT
scanner may require a radiation dose increase to maintain
unenhanced soft-tissue contrast detectability, particularly
for smaller patients.

Single- and dual-energy CT of the abdomen: comparison
iation dose and image quality of 2nd and 3rd generation
Eur Radiol 2017 Wichmann et al:
Conclusions With both DSCT generations, abdominal
DECT can be routinely performed without radiation dose
penalty compared to SECT, while third-generation DSCT

shows improved dose efficiency.

and thirg

jective
tly rated



Axtivikn emPapovvon and YTAE

YTAE évavtt YTME: c0ykpion 00GIUETPIKNC EMPAPVLVOTG

Dual-Energy Computed ®
Tomography
Physical Principles, Approaches to Scanning,

Usage, and Implementation: Part 2 Dual-energy computed tomography: essentials

3runo De Man, P

Basic DECT reconstructions generated for
routine clinical interpretation have at least
similar quality to conventional SECT images

With current clinical scanners, DECT acquisi-
KEY POINTS tion with an acceptable radiation dose similar
Most r‘linir,‘ally used dual- Qnergy computnd Iomograpny {DECﬂ scanners can be used in single- tD th a-t Gf SECT i5 pﬂSSthE on a rﬂutin e bEISiS.

an be routinely obtained with acceptable doses similar to single-energy CT (SEC £5 gener-
with similar or even slightly better quality (or, conversely, lower dose for the same image quality) in

s0me inatances. ' ation of additional reconstructions or more
Acquisition in DECT mode also enables generation of additional reconstructions or more sophisti- 50 p h iSli{Id‘ted q ua I"Ili‘tﬂ t i Ve ana | ysis not

cated quantitative analysis not possible with conventional SECT acquisition. N . . R
Commonly used DECT e reconstructions include virtual monochromatic images, weighted I]D-SSI I] |E Wlth conventl DI']EI' SECT acqulSltanS_

average or blended images, and material decomposition maps.
Workflow friendly implementation is a key consideration and important for implementation of DECT
into routine clinical practice.

DUAL-ENERGY COMPUTED TOMOGRAPHY
IMPLEMENTATION AND USAGE IN CLINICAL
PRACTICE: PRACTICAL CONSIDERATIONS
Different Modes of Acquisition with Current
Dual-Energy Computed Tomography Scanners
and Implications

Most dual-energy computed tomography (DECT)
scanners currently in clinical use, such as

or travel support for these s
Reconstruction Labc E Global R
Seg nd
Room C-21
2 R

ILeca

Neurcimag Clin N Am 27 (2017) 385-400

dual-source scanners (Siemens AG, Forchheim,
Germany) or rapid kilovolt peak (kVp) switching
scanners (GE Healthca Waukesha, WI),
n perform acquisitions in either single-energy
lornugraphy (SECT) or DECT mode.

tlu.n .pi"owded by the DELT mode is deemed to
be superfluous for the Ci n at hand,




T propel va tpocpéper 1 YTAE oty amEIKOVIGT] HUOGKEAETIKOV;



YTAE otnv ancwovion MX

Kavikéc epapuroyec YTAE oty anetkovion MX

IHapov
Aviyvevon ovpik®v aAdtwv (ovpikt| apbpitida)

Meimon ceorpdtov amd Tapovcio LETOAMK®OV

npocbetov (Metal artifact reduction)

Aviyvevon o1dMHatog HUEAOD TOV 0GTOV

Eyyvc néidov
Avélvon 1evovTOVv/GuVOECU®Y

ApBpoypapio

Aviyvevon 00TIKOV LETAGTAGEMV

Kabopiopdg/avarvon ootikng mukvotntog



YTAE oty aneikévion MX

Melmwon TeEYVIKOV GEAALATOV AOY® UETAAAIKOV TPOGOETMV
(Metal artifact reduction: MAR)

Fig. 1 Aseptic prosthetic loosening. (a) Axial conventional (polychromatic) computed tomography (CT) scan: the regions of bone around the

metal implants are obscured by beam-hardening artifacts. (b) Virtual monochromatic 140-keV images with metal artifacts reduction software
allows a good visualization of the nonfocal low-attenuation line (arrows) at the bone-stem interface.




YTAE oty aneikévion MX

110 keV

Fig.2 Beam-hardening correction with virtual monochromatic spectral image in vertebral lumbar fusion from 50 keV to 140 keV: axial images of
the lumbar spine show fixation hardware with bone window. keV = kiloelectron volt, the measurement used for one X-ray photon. It specifies the
photon energy for a monochromatic X-ray source.




88

extrapolated photon energy (keV)



YTAE oty aneikévion MX

Amekdvion ovpikng apbpitiong

YTAE

Y ynAn evaicOncio/elotkotnta
GTNV OVIYVELGT) KPUGTAAA®V
ovpikov povovatprov (MSU)

213 HU
Range: 123-297 HU

healthy foot Foot with gout




YTAE oty aneikévion MX
ATEWKOVIGN OLPIKNC opOpiTIONC

Amnewovion pe YTAE
ATEIKOVION e (Baowd vitké MSU «on Calcium)

ovuPatikn YTME
Ewova MSU Ewova Ca

5 | lf\" '." L |

\ ? é b %




YTAE otnv aneikoévion M

ATEWKOVIGN OLPIKNC opOpiTIONC




YTAE otnv ancwovion MX

AmelkOvion ovpikng apdpitiong

Amnewovion pe YTAE

Amewkovion e npdovo=MSU,

ocvuPatikny YTME , 7
pBnsiay UTTAE =AOIDOES 0GTO
poC = dOK1OMOEC 0GTO
BA&pn vmomn Yvykévipoon MSU
Y10l OGTEOGAPKMLOL /

2%,

Paul I. Mallinson et al Radiology 2016



YTAE otv ancucovion MX

ATEIKOVIOT OGTIKOV O10T|LLOITOG

Amneikdvion pe

Amnewovion pe YTAE
ovupotikn YTME

Amnewovion pe MRI




YTAE otnv ancwovion MX

ATEIKOVIOT] TEVOVTOV KOl GUVOEG LMV







YTAE oty aneikévion MX

AvaAvcn c0GTOONC TEVOVTO

Fig. 5 A 40-year-old woman with no medical or family history, presenting with painless progressive swelling of both ankles. (a) Conventional
computed tomography image of the right ankle shows diffuse nonspecific involvement of the Achilles and peroneal tendons. (b) Dual-energy
computed tomography data offer the opportunity to measure the effective Z (Z.¢s) of each voxel, allowing in this case to differentiate the normal
tendon containing primarily water molecules (yellow histogram) from the abnormal tendon infiltrated by fatty tissue/xanthomas (red histogram).




Méetpnon ootikng mukvotntoc e Y TAE

®

Evaluation of bone mineral density of the
lumbar spine using a novel phantomless
dual-energy CT post-processing algorithm
in comparison with dual-energy X-ray
absorptiometry

Schmidt?,
gl" and Julian L. Wichmann""

evaluate a novel algorithm for phanto dual- omputed toma ) }

the lumbar spine in compz vith dual-energy X-ray absorptiometry (D -y =

p

sed. Linear ¢




2 VUTEPAUCLOTIKA

YTAE (DECT)

— TMapéyer a&romota dedouéva yio T GVGTUCT] TOV IGTMOV

— Beltiovel v motdtnrto IKOvag Kot T d1oyveo Tk akpipfeta

— 2ZTNV OTEKOVIOT] TOV LVOCKEAETIKOD OVVATOL VOL TPOCPEPEL GTNV
* Meiwon ™ vtofadonc g eikoévac AOY® UETOAAMK®V TPOGHET®V
* Aviyvevon ovpik®v aAdTOV 6To 06TA (0VPIKN apBpitida)

* Aviyvevon odNUaTOS LVEAOD TOV 0GTMV

Amekovion/avaAvon TevOVIov/cuvOEGU®Y

Métpnomn 06TIKNG TUKVOTITOG

AMNEG EQOPUOYEC;

— ITmpnc alromoinon tov ovvatotitOV TS YTAE arortel
* Yynio Badpo katavonons tov facikov gueikov apy®v YTAE
* Yynio Badpo eCokeioong/eumepiog pe 1o oradéorpno cvotnue YTAE
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