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Knmuanueckoe 3gauenue DXOKr

* beicTpass AMarHoCTUKa OCTPBIX 3a00JICBAHUN CEPACUYHO-COCYAUCTOMN
CUCTEMBI

* JInarHOCTUKA XpOHUYECKHUX 3a00JIEBAHUM CEPJICUHO-COCYIUCTON
CUCTEMBI

* JInarHoCTHKAa HEKOTOPBIX 3a00JICBAaHUHN JbIXaTCIbHOW CUCTEMBI
* OnpeneeHue reMOJIMHAMUYECKUX TTOKAa3aTeseu

* KOHTpOJIb MHBAa3UBHBIX MAHHUITYIISAINN (ITYHKIUS IepUKapaa)



TpaHcTopakanbHass IXOKT UpecnumeBoaHas DXOKr

Korga UII2XO MoxkeT ObITh MOJIE3HOM?

* Juarnoctuueckas YII2XO B ciyuae, korga TTOXOKr HenHPpOpMaTUBHA, a TIPEAIOJIaraeMbie
Ha DXO U3MEHEHHUS MOTYT IOBIMATh HA CXEMY JICUEHHUS

* Ilepuonepanmonnas UII2XO

* UnrepBenimonnas YIIDXO (KOHTPOJIb YPECKOKHBIX TPAHCKATEPEPHBIX BMEIIATEILCTR)
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XapakTEepUCTUKU
Y 3-BOJIHEI

OCHOBHOE ypaBHEHUE MTOTOKA:
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Interaction of Ultrasound with Tissues
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ultrasound

l P Received ECHOES
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Kakue mapamMeTpbl MOKHO HACTPOUTH IIPHU
uccienoBanuy B 2-D pexume?

Scan line density (ugacrora
CKaHUPYIOIIUX JIMHHH) -
Sector angle (mupuHa cexTopa
CKaHUPOBAHMS)

Gain (ycunenue)

Dynamic range (qmuHamudeckuii
JMaIta30H OTTEHKOB)

Time-Gain compensation
(TGC) (ycunenune ot

Iy OOKOPaCITOJIOKEHHBIX (©)
CTPYKTYD)

Depth (riryouna, ¢ xotopoi
MPUHUMAIOTCA U 00padaThIBAIOTCS
UMITYJIbCBI)

Sweep rate (M-mode and
Doppler only) (ckopoctb
pa3BEPTKH U300paKCHUSN)
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(d)

Scan line density
YBENMUYECHUE YACTOTHI JIMHUM, CYKECHUE
IIMPUHBI CKAHUPYIOLIEH 00J1acTH



Dynamic range (qmuHamMu4ecKuii 1uama3oH)
(b) Pacmmpenue aquana3oHa OTTEHKOB Gain (ycuienme)

(c) CyxeHue quarna3oHa OTTEHKOB (b) mosbImIEHNE
(c) cHmKeHHE



Depth
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Spatial Resolution Parameters

Lateral
(Azimuthal)

Perpendicular to wave propagation
within the imaging plane

Lateral

IIpocTpaHncTBEHHOE U
BPEMEHHOE
pa3peIICHUE

Slice
thickness

BE Bulwer, MD, FASE

Slice thickness
(Elevational)

In the direction of wave propagation Perpendicular to the imaging plane



Fundamental Imaging vs Harmonic Imaging

* VIIydIleHue
COOTHOILICH M images cresied ueng echoes |mage’s'if§2{23'ﬁsf:;ae§%2§s with
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Doppler
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Figure 3.1. Doppler shift decreases as Doppler angle increases.

Angle correction no3BoiseT MOBLICUTHL TOYHOCTh
MCCIIEOBAHMS B Clydae, KOrja yroj U3BECTEH U KPOBOTOK
namuHapeH. He pekoMeHayeTcs IpUMEHSTh IpH
MCCIIEJOBAaHUH CEP/La

YPaBHeHI/IC JOIIIICPOBCKOTO CABHUI'A

AF = (Fr—Ft) =(2Ft Vcos 0)/C

V — CKOpOCTh JIBMKEHUS KPOBH K JTaTUHKY
C — ckopocTh pacnpocTpaHenus Y3 B cpee




Continuous-Wave
Doppler (CW) and

Pulsed-Wave Doppler
(PW)

A4C view ‘5"

l Transducer
4103 —

Continuous-Wave Doppler
(CW) Principle

Pulsed-Wave Doppler
(PW) Principle

? I

Piezoelectric / I:l PZE
Transducer—>ﬁﬁ “K‘/ (PZE) element ﬁ[@ﬁ/

Continuous Transmitted Received

[S<«—— reception pulse —>) <«—echo
(echoes)

Continuous ;
transmission——3%

Depth -8

1 Time
frange) : (gate)
Sample Sample/
volume | volume

1. Two PZE crystals:
- one transmitting (100%)
- one receiving (100%)

2. Continuous operation (duty factor = 1)
3. Large sample volume

4. No range/depth specificity: cannot
distinguish the exact anatomical location
of the velocities measured

5. Detects wider range of velocities
6. No aliasing at high velocities

'W“hllh { .1) [

le( N 'A ! ‘
f ﬁ},,l?w}'

1. One PZE crystal:
- same crystal transmitting (~1%)
- same crystal receiving (~99%)

2. Pulse-Echo operation
3. Small sample volume

4. Range/depth specificity: can distinguish
the exact anatomical location of the
velocities measured

5. Detects narrower range of velocities
6. Aliasing at higher velocities

3 m/ W
W

CW Doppler ¥ PW Doppler
Display _ A _ Display -

Y

Velocity




Kakx PRF Moxer moBnusars Ha pe3yabrar
N3MEpPCHUS !

[Tpu BBICOKOM pa3HUIIE B CKOPOCTIX MOTOKA U
HU3KOM 4aCTOTE T€HEPALUU UMITYJIbCA
HEKOTOPBIE CKOPOCTHU «BBINAIAIOT» U3
U3MEPEHUS, U CIIEKTPOrPpaMMa HEBEPHO UX
otoOpaxkaeT. Takoe sIBJICHUE HA3BIBACTCS
aliasing.

. . Velocity /
C) Speed = 1 revolution / minute Di,ecﬁgn
Sampling Start 15 sec 30 sec 45 sec 60 sec .
rate VelOCIty
and
4 xf direction
; can be
minLte assessed
accurately
(e 90° 180° 270° 360°
v . Velocity/
b Speed = 2 revolutions / minute Di,ecﬁoyn
Samfling Start 15 sec 30 sec 45 sec 60 sec
rate
Velocity
4 x/ can be
minute assﬁﬁfed'
direction
0e 180e 3600 180¢ 3600 cannot
: : Yelocity /
O Speed = 3 revolutions/ minute Dirwgn
Sampling Start 15 sec 30 sec 45 sec 60 sec

rate

4 x/
minute

DO

270° 1800 90° 0e

Direction will he
perceived
incorrectly as
counterclockwise
and velocity,
incorrectly, as 1
revolution per
minute




Aliasing

Nyquist frequency (Nyquist
limit) — makcumasbHas
CKOPOCTh IOTOKA, KOTOPYIO
MOXET «00padoTaTh» amnmapar
Y3U Bo Bpemss PW

NL=1/2PRF

PRF obpamno nponopyuonanvhas anyoune

NPOXOAHCOEHUSL UMNYIIbCA, CE008AMENbHO.

* Huszkas yvacmoma — ons 2ny60xo
PACNONOINCEHHBIX 00BEKMO8

* Boicokas uacmoma — 0ns 61U3KO
PACNONIONCEHHBIX




Kakue nmapaMeTpbsl MOXXKHO HACTPOUTH BO BPEMSI
JONIUIEPOBCKOIO MCCIICIOBAHMS !

« Sample volume
(KOHTPOJIBHBIH
00BEM)

* Gain (ycuiieHue)

* Scale (mkana
CKOpPOCTEIA)

 Baseline

* Sweep speed
(CKOpPOCTh
pa3BEPTKH
M300pakKCHNA)

Sample volume
VYMmenbieHrue 001acTu



Sweep speed up

DU USSP | ....._.._._.

M *'\MW

LT

80

Scale up

Sweep speed down

Nk A

Scale (mkajga ckopocreit)
Scale up — peructpupyrorcs
MCHBIIIIE CKOPOCTH

Scale down — peructpupyrorcs
OOJIBIIINE CKOPOCTH

Baseline cmenienue 6a30B0i TUHUU



Color flow doppler (CFD, CDI, CD)

& 1ONIUIEPOBCKOTO
UCCIEIOBAHMS:
* Color maps
* (Gain

* Scale

» Baseline

Color doppler
signal is noted on
the left atrial wall in
this parasternal long
axis image. This
indicates that color
doppler gain is set
too high.




Doppler Tissue Imaging

J1g iony4enus
N300paKCHUS
dunpTpyeTCs
nH(GOpPMAIU OT
CTPYKTYP, HIMECIOIIUX
BBICOKYHO CKOPOCTB
JIBHKCHUS U IIJIOXO
PaCCEUBAIOIIYIO
IIOBEPXHOCTH

(m/s)

Vi VV oW

Ea Aa

Flllmg = o

MJ{ * i /—/u N_»r 015 75

66.67 mm/s HR




OXOKI ¢ KOHTPACTUPOBAHUEM
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Strain
speckle tracking vs TDI

Systolic lengthening |
A Reduced systolic shortening

Longitudinal strain (%)



llonmy4denue
OCHOBHBIX
IIPOECKIINU

Transducer Position Each view is described using three (3) components:

or "Window" 1. Transducer Position or "Window", e.g. Parastemnal, Apical, or Subcostal
2. Echocardiographic Imaging Plane, e.g. LAX, SAX, or 4C

P:
Farastamsl 3. Region or Structures visualized, e.g. Two-Chamber, Aortic valve, Mitral valve

A:  Apical
SC: Subcostal PLAX:
S$SN: Suprasternal Notch A\ aSN RV Inflow
. PLAX: LV
Echocardiographic -~ Inflow-Outflow

Imaging Planes
- LAX, SAX, 4C

| |
Supra-:temal
. (SSN)

PSAX
LM AV level

PSAX
-MV level

Short-Axis
(SAX) 1

Left Pararasternal Views (P) —————
PLAX: Parasternal Long-Axis (LV Inflow/Outflow)
PLAX: RV inflow +/- RV Outflow

PSAX: Parasternal Short-Axis (Aortic Valve level)
PSAX: Parasternal Short-Axis (Mitral Valve level)
PSAX: Parasternal Short-Axis (Papillary Muscle level) A2C: Apical Two-Chamber
PSAX: Parasternal Short-Axis (Apical LV level)

Two-Dimensional Echo Examination Protocol

Apical Views (A) —— Subcostal Views (8C) ——» Suprasternal Notch Views (SSN)
SC-4C: Subcostal Four-Chamber View
SC-SAX and SC-LAX Views (optional)
Inferior Vena Cava and Hepatic Veins

A4C: Apical Four-Chamber
AS5C: Apical Five-Chamber

SSN Aortic Arch Long-Axis Views
SSB Aortic Arch Short-Axis Views (optional)

A3C: Apical Three-Chamber

~

L sc-ac
/

Region or Structures
Visualized

3

& BE Bulwer, MD, FASE



IlapacTepHanbHas OpOEKIMA

Parasternal Long-Axis View (PLAX) PSAX: Aortic Valve (AV) Level

~

Right ventricular free wall

Interventricular . ...
y - .,,.,/ Right RVOT free wall

septum \ Ty - coronary
" Right coronary cus
- e g ry 0 b Aortic valve

Postero-medial - ' N ,/ ; Ascending aorta Septal "\ @VOr Pulmonary valve

papillary muscle Ao tricuspid

- M - Nogscoronary cusp Ieaflet Main pulmonary
%, - artery (PA)

Interatrlal RA P ki

= AT ‘ > My : septum ‘
cercardic £ =2 B (IAS)
SR Descending thoracic coronary

aorta cusp
Noncoronary

cusp
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»

[nunHHas KopoTkasi ocb Ha ypOBHe
OoCb AK




IlapacTepHanbHas OpOEKIMA

PSAX: Mitral Valve (MV) Level

Right ventricular
Right ventricular P - free wall
cavity o~

Interventricular

septum
P Anterior leaflet

(Mitral valve)

" Basal inferolateral
LV wall 60

HR

KopoTkasi ocb Ha ypOBHe
MK

PSAX: Papillary Muscle (PM) Level

RV cavity /-fc-

LV cavity

Posteromedial E \ Anterolateral

apillary muscle
e e papillary muscle
Inferior wall Pericafaium

Anterior wall
LV cavity

- j
PSAX:
Apical Level

Inferior wall

KopoTkasi ocb Ha ypOoBHE NanunnsapHbIX
MbILLIL|




ATIMKaJIbHAs IIPOCKIIMS

Apical 5-Chamber View (A5C)

LV apex\
Interventricular e l

septum \\
: b3 Left ventricular

outflow tract
(LVOT)

Apical 4-Chamber View (A4C)

Interventricular
septum (IVS)

Anterior leaflet
MITRAL VALVE
Posterior leaflet

Septal leaflet
TRICUSPID VALVE
Anterlor leaflet =7

LS

\

NG EEL '
septum (IAS) . Descending
thoramc aorta

Right Iower / = '
pulmonary vein HR.

Aortic valv .
ortic valve Mitral valve

Aortic robt

[OnunHHas ocb, 4-X KamepHas [OnnHHas ocb, 5-n kKamepHad

npoeKkund npoeKuund



Apical 2-Chamber View (A2C)

LV apex
— P \'
L

B Anterior wall (
Inferior wall (LV)\;:; -~

: s:' LV Anterior leaflet
Diaphragm : , Mitral valve

Posterior leaflet

Mitral valve™ — Left atrial
LA =~ appendage

_— D .
Abdominal aorta .——— Descending
thoracic aorta

73

"
HR

AnuvkanbHas, 2-X KamepHad
NpOeKLUS

SC 4-Chamber View

Interventricular I

Lateral wall of '2&&

right ventricle R

Tricuspid
valve 20\

septum ||

.l

CybkocTanbHas
npoeKuns

Interatrial/ e

Pericardium
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Posterior leaflet
of mitral valve
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