Ultrasonograficke technologie

Frantisek Zatura



Ultrazvukové systémy

 General ultrasound

* Pfenosné systémy

Ultrazvuk v Urologii 2022 Uvod



Kapesni bezdratove pristroje

.
- y

Lrﬁleash Your Vision 5 /
ireless Ultrasound Scanner
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Soucasné UZ technologie pro urologii

Velmi vykonné hardware

Pokrocilé zpracovani obrazu
* SonoCT, compound Scan
e korekce spektli .....

Integrované software pro fuzi UZ a MR

Navigacni jednotka

* Pro transperinealni biopsii

Specializované snimace

Ultrazvuk v Urologii 2022 Uvod



PokrocCilé zpracovani obrazu v pristroj

* \\ykonny hardware
* Presny zesilovaC a mutiplexer, multikanalové zpracovani

* Velmi vykonny pocitac a software

* Moderni snimace s vysokou citlivosti

Technika Pokracovaci kurs 2022



PokroCily posprocessing

e Zpracovani ziskaného signalu

» Korekce uhlové chyby
Slozeny obraz — compound scan
Sono CT
Harmonické zobrazeni
Kontrastni harmonické zobrazeni
Elastografie
Histoscanning

SonoCT

Technika Pokracovaci kurs 2022



Spektrum specializovanych snimacu

e Abdominalni snimac¢ 6MHz THI
e Small parts snimac 9-14MHz

* Transrektalni snimac triplane por
transrektalni punkci

, * Transrektalni snimac biplane pro
. transperinealni punkci
K , * Laparoskopicky nebo roboticky snimac
| * 3D snimac pro panevni dno

Ledvina: Pokracovaci kurs 2022 7



Sektorové snimace

1977 1985
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Stranova rozliSovaci schopnost

Technika Pokracovaci kurs 2022 10



Osova rozlisovaci schopnost

Technika Pokracovaci kurs 2022
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Rychlosti sireni

Air
Blood
Bone
Brain
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Kidney
Liver
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Zvuku
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Artefakty UZ zobrazeni

Technika Pokracovaci kurs 2022
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Ohybovy artefakt

Transducer

Diffraction

Actual
position

Displayed
position
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Artefakty - lom UZ
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Artefakty - Skattering

Scattering

Scattering
caused by
small
particles

Scattering
caused by
rough surface
of the reflector
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Reverberace - vicenasobné odrazy
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Bocni laloky uz svazku a ovlivhéni zobrazeni

e Sekundarni laloky

Konstrukci ultrazvukového snimace
je dan tvar svazku UZ vinéni, ktery
vytvari i bo¢ni laloky (grating
lobes), které zneostruji UZ obraz

Technika Pokracovaci kurs 2022
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A. Linear
propagation

B. Nonlinear
propagation,
fundamental

C. Nonlinear
propagation,
2™ harmonic

D. Nonlinear
propagation,
10™ harmonic

Py



Harmonicke zobrazeni —filtrace

 \/Sechny pulsy, které nejsou
generovany primarnim svazkem
s vySSi energii, jsou eliminovany

Receiving

* Nevyhodou je redukce
sensitivity, tkanového kontrastu

a lateralniho rozliseni
*  Whittingham 1999

Technika Pokracovaci kurs 2022
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Generace THI

* Vyuziti dvou Sirokospektrych
primarnich signalud, vyslanych s
opacnou fazi- rozdil 180 stupnd.

* Linearneé sirené viny se vyrusi a zpét
se dostane jen rozdilovy signal
* Tranquart et all 1999

Technika Pokracovaci kurs 2022
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Hl a konstrastni latky

* [ll.generace kontrastni latky (Sonovue):
* Vlyrazné zvyseni tkanového kontrastu
e Zvysena rozliseni vaskularizace i mikrovaskularizace
e ZvySeni mnozstvi artefaktd

* Contrast HI pomuze zvysit rozliSeni

Technika Pokracovaci kurs 2022
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Vyuziti THI v urologii

 Umozni vysetreni ledvin ,,problémovych“ nemocnych
* Whittingham 19989,

* Pfesnejsi zobrazeni tekutin (cysta, hematom, urinom)
e Grill ,Zatura, 2004

 Metodou Contrast HI |ze ziskat vyrazné podrobnéjsi informaci o

prokrveni ledviny
Huber et all, 2002, Robbin 2003, Leen 2003, Contreas 2003

Technika Pokracovaci kurs 2022
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Vyuziti THI v urologii

U TRUS pomaha zvyraznit loziska i prokrveni nadorovych uzll, slibné
je zejména vyuziti kontrastu (12 autorii, 2001-2004)

e U abdominalni ultrasonografie méchyre je vyssi specificita prukazu

nadorul (sp86%,ss79%), coz usetri opakovani cystoskopie
(Belej, Zatura 2004)

Technika Pokracovaci kurs 2022
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Vyuziti THI v urologii

U TRUS pomaha zvyraznit loziska i prokrveni nadorovych uzll, slibné
je zejména vyuziti kontrastu (12 autorii, 2001-2004)

e U abdominalni ultrasonografie méchyre je vyssi specificita prukazu

nadorul (sp86%,ss79%), coz usetri opakovani cystoskopie
(Belej, Zatura 2004)
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Kontrastni harmonické zobrazeni

@ Mikrobubliny s odrazem 108 x
vysSSim nez erytrocyty

FN'OLOMOUC 22-02-2008  8820e
absces ledviny jana Kasalova 435404423 12:31:32 C2 MHz
7 o 0.6 an

®@Velikost erytrocytd

®@Nezbytné uzit nizky MI mensi
nez 0,20

®2 minuty arteridlni faze/ AV faze

®2 minuty venozni

@®Do 6 minut destrukce

Ultrazvuk v Urologii 2021 Uvod 32



UZ contrast lll.generace:

hexaflurosulfat (SonoVue):
MIéca tekutina po naredeéni
Koncemtrace bublin : 5x108/ml
Objemova koncentrace : 5ul/ml
Prumeér bublinek : 2,5 um
Ph4,5.7,5

Osmolarita:287 mosm/kg
Viskozita < 2mPa (25°C)

Technical bacground 2011
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T Gas bubble

difference of approx. 10°
(= 100 million)

fundamental Incr-ease
of acoustic pressure

sub harmonic seconc_l
harmonic

ultra harmonic
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Ledvina, CEUS
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CHEUS

angiomyolipom

38



INVAF:VL=

Technical bacground 2011

39



Kontrastni Harmonickeé zobrazeni u ledviny

* Mikrovaskularizace

* Rozliseni cysta / tumor
* Trauma ledviny

e Residualni tumory po RF nebo jiné ablaci.

40

Ledvina: Pokracovaci kurs 2022
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Trauma ledviny

MI: 0.14<0.14

TIS: 0.1<2.0

Res / Hz 1/20 Hz
¥ General

Gain 50 %
Dyn. Range 70 dB
Harmonic CHI
Line Denstty 3
Multbeam 2

Extended Res. Off

11:06:41

C 2 MHz
0.6 an
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Zvyseni specificity lozisek - Cysta

Contrast
Harmonic
Imaging

Ledvina: Pokracovaci kurs 2022
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Tumor
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Princip dopplerovského posunu frekvence zvuku

48



Dopplerovsky zdvih (posun,shift)

Doppler Effect in Moving Blood Cells

Technika Pokrac

—A————

Direction of blood flow

96034
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Vypocet prutoku z dopplerovskeho signa

ODNIE quatic Plelelell- A 0 N BICOC

Dopplerovsky zdvihfp = 21v cos &/¢
fo = Coppler shift raquency (M2)

{ «» Transmi'ted ultasound froquency |[Hz)
v = YeitCily of the moving bicod calls [ms]
¢ = Yekcity of sound » 1ha medium {M/s)

U
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Dopplerovsky posun FREKVENCNI ANALYZA




Pulsni doppler

Transmit

Pulsed Wave Doppler

Technika Pokracovaci kurs 2022
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Simultanni doppler

Resk-Time
8- xan

fqglc indicator

- .-

duplex S J0 FE T T N N S S S B s o o O £3 &8 23 5 £
Doopler B-scan Doppler

Advantages: Increased PRr - higher
velocity limit before
aliasing.

Disadvantages: Non real time B-scan.
Eoles in the FFT-spectrua.

Sisultaneous duplex

=l-l«l-l=l-I-l=]=l=]=]lel=l=l=]-]==]=l=]l=I=I=-]
DBEDBDBEDBDBDBDBDBADBDBDOBD

Advantages: Real time B-scan.

Disadvantages: Decreased PRF - lowver
velocity limit before
aliasing.
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Pulsni doppler - limity

Velocity Range Limitation of
Maximal velocity Puised Wave Doppler

Range, R {cm) |

Doppler Equation
Errors in 8 create velocity errors

10° 20° 30* 40° 50° &0° 700

Beam-vessel angle 6
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1lasing
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fo > /2 or Tp > 1,72

Aliasing
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Dopplerovsky aliasing (pretékani)

Aliasing

Amplitude Aliased signal The analog Doppler signal
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-
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Dopplerovské mapovani

The Doppler Spectrum
Grey lavel corresponds to the power at each frequency

Frequancy

Display of Flow by Colour

Maximal
velocity

Flow
toward
the
transducer

Flow
away

from the
transducer

Maximal
velocity

Technika Pokracovaci kurs 2022
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Doppler s kontinualni vinou

Cantinuous Wave Doppler

Doukle transducer

Transmit '-‘\‘\\fnﬂ&iw

RN
g
W
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Typy dopplerovskych krivek

HIGH RESISTANCE TRIPHASIC WAVE Low Resistance Dlp‘hasic Wave

Systolic Peak

Reversal

Seconds —p-
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Dopplerovske signaly pri stenoze arterie

Technika Pokracovaci kurs 2022
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Dopplerovske indexy

Dappler Indices

A/B Ratia:

Haslstanca Index:

Pulsalilty Indeax:

Speciral Broadaning Indaex [S81)

B: End Cikaiic Frsguency

61



Frekvencni analyza PW dopplera
Fast Furier Transformation

Technika Pokracovaci kurs 2022
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Velocity
cm/sec

/obrazeni spektra

rychlosti

Technika Pokracovaci kurs 2022
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Dopplerovska spektralni ana
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Meéereni Rezistivniho indexu

B BK Medical
&5 e 5 4.8 (Abdomen)
BR20e wormen; K >

- w'mmw%m% o Bt

L )

Resistive Index Calculation of Arcuate Artery

Technika Pokracovaci kurs 2022
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Mapa charakteristickych krivek

Technika Pokracovaci kurs 2022
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Dopplerovské indexy

Dappler Indices

A/B Ratia:

Haslstanca Index:

Pulsalilty Indeax:

Speciral Broadaning Indaex [S81)

B: End Cikaiic Frsguency

67



SCALE - Aliasing = ,pretekani”

*Pretékani —aliasing

*Periodicky déj musi byt sniman 2x
vyssi frekvenci

=
=
v
—
@D
=
—

 Zvyseni vzorkovaci frekvence -
scale

© Do

* \/yuziti jen poloviny spektra -
baseline

Technika Pokracovaci kurs 2022



Normalni

* Poloha a tvar
* Rozméry

* Obrys

* Echogenicita

* Architektura

* Prokrveni

edvina - US kritéria

Ledvina: Pokracovaci kurs 2022
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Prokrveni

e Semikvantitativni méreni (distribuce prokrveni)
* Barevni dopplerovské mapovani (CFM)
* Power doppler, angiodoppler

* Méreni prutoku
e Pulsni doppler — dopplerovska krivka frekvencni analyzy, zavislost na uhlu

Ledvina: Pokracovaci kurs 2022
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/obrazeni prutoku

* Duplex (zobrazeni dvou médu v realném case)

Ledvina: Pokracovaci kurs 2022
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Akutni pyelonefritida

74
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Columna Bertini

Ledvina: Pokracovaci kurs 2022
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Ariplexni zobrazeni:

B Mode, + CFM+PW kfrivka

’} M' w |
i W‘%v‘m IM ' i?:'mmmm

Ledvina: Pokracovaci kurs 2022

B: End Diastolic F;cquorcy
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Transplantace - Triplex B, CFM a PW

I S T'S: 06 <= 2.0 X

60 cm/s

A m\x“m.m”@j&mw oﬁ?M‘. .%Q"fn‘}%t'n ‘&&
L

0.5 =
kHz = | -20cmfs 35°
W 1 ' 1 . 1 . |
D GAIN 83 % VASC D MEAS 2 %ST 60
PRF 3.5 kHz ACC PI TAM dv
WF 1.6 cmjfs A/B 4.13 | sSw VF Vacc
3B em 2 mm Rl 0.76|SSBI ,

ANV Y 11Ie 4 UNDLUVU VUV L INUL LD Leeh Ul s
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Hodnoceni prokrveni parenchymu transplantované ledviny

Prokrveni parenchymu Charakteristika

Stupeii prokrveni
(CDI)

. hyperémie — "blush”

splyvajici kresba v subkapsuldmi oblasti, nelze rozlisit hranici jednotlivych ILLA

. dobré poet ILA2 6
2. lehce redukované pocet ILA 4-5
3. stfedné redukované pocet ILA in 2-3

4. vyrazné redukované pocet ILA <2

Prokrveni periferie
(PDI)

neredukované

redukované

Vysvétlivky: CDI, color doppler imaging: PDI, power doppler imaging; ILLA, interlobuldmi arterie; ILA, interlobdmnf arterie.

distance ILLA a kapsula £ 2 mm

distance ILLA a kapsula > 2 mm

Technika Pokracovaci kurs 2022




Cysty ledviny

Ledvina: Pokracovaci kurs 2022

79

79



TU renis
s ——

T~

h .
- ’ g e —

ey
AT

e AY

3% .

Ledvina: Pokracovaci kurs 2022



81

1 kurs 2022

c¢ovac

Pokra

Ledvina



RCC
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Nadorovy trombus
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Hydronefrdoza uziti dopplera

O
of o

L g ¥ e st really obstruction?

. : < - Check arterial RI
' " % ~ If unilaterally elevated obstruction
; p likely
- Ri> 0.7
, - Rliasymmetric > 0.1
- - If bilaterally elevated - no help
— If normal - no help

85



Hydronefroza
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Twinkling

Ledvina: Pokracovaci kurs 2022
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Trauma ledviny

1.50<1.50

1.3<2.0

MI:

TIS

Res / Hz 1/15Hz

» General
¥ Color

88

88
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CEUS — Kontrastni harmonické zobrazeni

@®@Sonovue -mikrobublinky
®@Velikost erytrocytu

®OMI < 0,20

@Prvni 2 minuty arterialni faze
®@1,5 min AV faze

®@Destrukce bublinek do 6 minut

Technical bacground 2011
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UZ contrast lll.generace:

hexaflurosulfat (SonoVue):
MIéca tekutina po naredeéni
Koncemtrace bublin : 5x108/ml
Objemova koncentrace : 5ul/ml
Prumeér bublinek : 2,5 um
Ph4,5.7,5

Osmolarita:287 mosm/kg
Viskozita < 2mPa (25°C)

Technical bacground 2011
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Atypické vyuziti dopplera

Ureterokéla Jet efekt

—

e ¥

"'A‘-V
8.1 cm”
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Nedopplerovska indikace prutoku

* Vektor Flow Imaging

8K Madical 09-01-2012 8670
VA Vsculr 4 Breleace 15:07:685 fme

Technika Pokracovaci kurs 2022
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