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Abbreviations

2D-TTE 2D-transthoracic echocardiography

3D-TTE 3D-transthoracic echocardiography

A amplitude

A2C apical 2-chamber

AdC apical 4-chamber

A5C apical 5-chamber

AA aortic arch

AAO ascending aorta

ACC American College of Cardiology

ACE angiotensin converting enzyme

ACS acute coronary syndrome

AD aortic dissection

AF atrial fibrillation

AHA American Heart Association

AL anterolateral papillary muscle

ALAX apical long-axis view

AMI acute myocardial infarction

AML anterior mitral valve leaflet

AR aortic regurgitation

ARVC arrhythmogenic right ventricular
cardiomyopathy

ARVD arrhythmogenic right ventricular
dysplasia

AS aortic stenosis

ASD atrial septal defect

ASE American Sodiety of Echocardiography

AV aortic valve

AVA aortic valve area

BSA body surface area

C mwm%amsmﬁauﬁiuﬁaﬂma
(velocity of propagation)

CABG coronary artery bypass grafting

CAD coronary artery disease

(€S chronic coronary syndrome

CFM color flow mapping

cl cardiac index

CIEDs cardiac implantable electrical
devices

(@YY cytomegalovirus

(€] cardiac output

COPD

CRT

cs

CT scan
CVP
cw

D1

D2

DAO

dB

DCM
DLVOTO

DM
DT
ECG
Echo
EDV
EF
EMF
EPSS
ERO
EST
ESV

FAC
FMR
FS
HCM
HFpEF

HFTEF

HIV
HOCM

HP
HR

chronic obstructive pulmonary
disease

cardiac resynchronization therapy

coronary sinus

computerized tomography scan

central venous pressure

continuous wave

first diagonal branch

second diagonal branch

descending aorta

decibel

dilated cardiomyopathy

dynamic left ventricular outflow
tract obstruction

diabetes mellitus

deceleration time

electrocardiogram

echocardiogram

end-diastolic volume

ejection fraction

endomyocardial fibrosis

E-point septal separation

effective regurgitant orifice

exercise stress test

end-systolic volume

frequency

fractional area change

functional mitral regurgitation

fractional shortening

hypertrophic cardiomyopathy

heart failure with preserved
ejection fraction

heart failure with reduced
ejection fraction

human immunodeficiency virus

hypertrophic obstructive
cardiomyopathy

hemopericardium

heart rate




HT
HV
Hz
ICE

IVC
IVCT
IVRT
VS
IvVSd

IVUS
LA
LAA
LAD

LAP
LASEC

LAVI
LAX
L.BBB
LC
LCx
LPA
LUPV
Y
LVEDD
LVEDP

LVEDV

LVEF
LVESD

LVESV

LVH
LVID

hypertension

hepatic vein

Hertz

intra-cardiac echocardiography

infective endocarditis

inferior vena cava

isovolumic contraction time

isovolumic relaxation time

interventricular septum

interventricular septum diastole
dimension

intra-vascular ultrasound

left atrium

left atrial appendage

left anterior descending coronary
artery

left atrial pressure

left atrial spontaneous echo
contrast

left atrial volume index

long axis

left bundle branch block

left coronary cusp

left circumflex coronary artery

left pulmonary artery

left upper pulmonary vein

left ventricle

left ventricular end diastolic diameter

left ventricular end diastolic
pressure

left ventricular end diastolic
volume

left ventricular ejection fraction

left ventricular end systolic
diameter

left ventricular end systolic
volume

left ventricular hypertrophy

left ventricular internal diameter

Abbreviations

LvIDd

LVIDs

LVNC
LVOT
LVOT CSA

LVOT VTI

LVOT/Ao

m/s
MAC
MHz
Ml
mm
MPA
MPG
MR
MS
MV
MVA
MVP
NC
NYHA
oM
OM1
OM2
omv
PA
PBMV

PCl

PDA
PFC
PFO
PH

diastolic left ventricular internal
diameter

systolic left ventricular internal
diameter

left ventricular non compaction

left ventricular outflow tract

left ventricular outflow tract
cross sectional area

left ventricular outflow tract
velocity-time-integral

left ventricular outlow tract
diameter aortic valve

meter per second

mitral annular calcification

Mega Hertz

myocardial infarction

millimeter

main pulmonary artery

mean pressure gradient

mitral regurgitation

mitral stenosis

mitral valve

mitral valve area

mitral valve prolapse

non coronary cusp

New York Heart Association

obtuse marginal branch

first obtuse marginal branch

second obtuse marginal branch

open mitral valvuloplasty

pulmonary artery

percutaneous balloon mitral
valvuloplasty

percutaneous coronary interven-
tion

patent ductus arteriosus

proximal flow convergence

patent foramen ovale

pulmonary hypertension




Abbreviations

PHT pressure half time

PISA proximal isovelocity surface area

PL posterolateral branch

PLAX parasternal long axis view

PM posteromedial

PML posterior mitral valve leaflet

PPCI primary percutaneous coronary
intervention

PPG peak transaortic pressure gradient

PR pulmonary regurgitation

PRF pulse repetition frequency

PS pulmonic stenosis

PSAX parasternal short axis view

PV pulmonic valve

PW pulsed wave Doppler

Pwd posterior wall diastolic dimension

RA right atrium

RAAS renin — angiotensin - aldosterone
system

RCC right coronary cusp

RCA right coronary artery

RCM restrictive cardiomyopathy

Reg Vol regurgitant volume

RF regurgitation fraction

RF ablation radiofrequency ablation

RHD rheumatic heart disease

ROA regurgitant orifice area

RPA right pulmonary artery

RV right ventricle

RVA4C right ventricle focused apical

4-chamber view

RVEDP right ventricle end diastolic pressure

RVEF right ventricular ejection fraction
right ventricular fractional area
change

RVFAC

RV
RVOT
RVSP
RWMA
SAM
SAX
SCD
SD
SEC
SLE
SV
SV1
TAPSE

TDI
TEE
TGC
TIA
TOF
TR
TS

TVA
VAD
VvC

VSD
VSR

WMS|
WPW
A

right ventricular infarction

right ventricular outflow tract

right ventricle systolic pressure

regional wall motion abnormality

systolic anterior motion

short axis

sudden cardiac death

standard deviation

spontaneous echo constrast

systemic lupus erythematosus

stroke volume

sample volume

tricuspid annular plane systolic
excursion

tissue Doppler imaging

transesophageal echocardiogram

time-gain compensation

transient ischemic attack

Tetralogy of Fallot

tricuspid regurgitation

tricuspid stenosis

transthoracic echocardiogram

tricuspid valve

tricuspid valve area

ventricular assisted device

vena contracta

ventricular septal defect

ventricular septal rupture

velocity-time-integral

wall motion score index

Wolff-Parkinson-White

wavelength %39 period
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2 Practical Echocardiography
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YBIATY
ARUYAI97n Otto (2018)
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C=f-A
P 2 A a A & PRI
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AU AINY ANNYNIARUIILUSNNEUNUAINND AIFUNITH
A (mm) = 1.54/f (MHz)
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9
[
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2. paUnANDAY Insagvieuinmuaznisienseatetesniinduniaiud
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Ujdusiugszuiremdudes ultrasound Aulileitis
dlordudsandouruiina1sduland wedevate itz q auiausingnisal
NHANALR 4 Snweuy dell (JUN 1.2)

#INTID
(Transducers)

N13n32139 (Scattering)
nnsnsznuiniienauns
fadaulnn
~eo 0 ” o e
~— 90 nsaiay Avingazfiouides
el —
5 - : (Reflection) (Specular reflector)
/,"\\

A1SANLN
(Refraction)

A59UNAY
(Attenuation)

JUN 1.2 Udunussendng aawdes ultrasound fiulliaide
ARuUAIRIN Otto (2018)

1. n1sazviou (reflection)
nsaevouvendsaiatuilondudnsenuiuiaGeuresing anudures
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Tngiuunvuuiukingides ultrasound axagvieulidyanasiunn TnaliAnam
lsidn wunsgnisiedeulinues left ventricular wall Tuvin apical & chamber (A4C)
8194iu endocardial border w1 left ventricle (LV) laiffa 3ansdinisiinusingnisal
“drop out” w84 interatrial septum luvi1 AAC vilvidladngUedl atrial septal

defect 1 Hudu

Principles of echocardiographic image acquisition and Doppler analysis



Practical Echocardiography

2. N1IN32IA (scattering)
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3. M3 (refraction)
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wnuAensilminamans (artifact) afianmdeu sisenman Tuls

JUN 1.3 Usngmsalinm
YDILEAUDLAUNIIHIY
finnNang 2 ¥
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4. nsseudsvasriudes (attenuation)

Soraudsandeuihuinas winudunisazgngadu (Wasudundaany
Ju Wi mudew) axveundunaznizids vhlianuduides vieaudanas

nMsgeurdmesrandesiinnnuietestuiuauivesedudsaduddy
tufe maudssifauidezamsanzanzanliinnnin msziAansasvioundy
wamsnszdaesndt anudniiedudes ultrasound anansawedeufiatiuaumide
w&sumnnefiavadanmlafiasznna 20 whesseutieduiuios 30
RN dmuingeanud 1 MHz - Tuasdiwnga 20 MHz avadhanwlédn
Wlea 1.5 wuiung winiy

nMsseufdmendudes  auintunnidendudsdonadeuriuianas 2
¥iinfisiAnden1sndes (acoustic impedance) waneneun q yiSodeaAuNIEL
fanans 3sdle acoustic impedance funn Wi 8ne s sdssAumaRulellR
ﬁﬂﬁULﬁaé’iyzmmLﬁmLaumamummﬂ%éauﬁwé’ﬂ (attenuation) 1NNAULAA “LaLFBS
(acoustic shadow)” Sauialunsdifilally acoustic gel Mszwing transducer fu
Rviavilvimsdudaliuuuain viensdinmilausinglidn suidesnaingnay
lugeauan viseluresenuad

Principles of echocardiographic image acquisition and Doppler analysis



Practical Echocardiography

[

Uszihuddgy -

. heTanlinduANude (2-3 MH2) $8111an15Mganean (tissue penetra-
tion) A7ian

. hnnanlinudgs (5-7.5 MHz) aganansaaitenwiiianuazidengs
(Uszanad 1 mm)

. Amplitude w38 mnud ey decibel Fadu log scale  Fatu ns
Wasulasmudufiutunieanas 6 dB wansil amplitude WaturSeanas
2 19

- Acoustic impedance (fndenstides) Fufuaumnutiy wasaussly
nswAeuTeIndy (propagation velocity) Tushnanaii

. manswdsesndudes iatudlerdunsenutaguunadn (u dadeauny)
ﬁmmwmnwmzL?NmmﬁmﬁamﬁLﬂﬁauﬁﬁ ltAndgyeyas Doppler N30
ANAUISY Doppler %Qﬂéfm LL%J'uE]”lﬁqm funvesdiadudes (ultrasound
beam) wuufufianenIsivaveden

.« MTATVIDUVRIEYIAUAAUFSIANTY 1 TOUFDUBIAINAN 2 TUA LU TENIN
Laamﬂmmmuamh (myocardium) Imamia“mamvhammmmmwu
wam ‘mﬂmLiamsumamauummﬂﬂuummﬂauLam

#2157 (Transducer)
Ultrasound transducer #38939573AaU ultrasound Us¥nauIumlgnan
piezoelectric Fuduunasasidygrundudsinnudgniiih Ui 1.4) s

o
] i ¥ <

Udoepdudeosiazyinduyn 9 Wudame (ultrasound pulse) Inefignsaiveays

19

Fyaaudies vide pulse length afiay 1-6 fadiund anduhnsefesdsudy
%33 “SUila (receive mode)” ia%’uﬁzgzmmﬁmﬁﬂéaalﬂﬁua:ﬁaunﬁumnw%amﬁu
wadanandudssasouilinaadudyaalviinited vadnmdnsenis
snsnildlunmsasaiuidlaivanesiin amudnuarnsnsn Wud 1. Fhee
HIUNRTNBALUU 2 3R (2D-transthoracic echocardiogram; 2D-TTE) 2. #5230
MINTONWUU 3 8 (3D-transthoracic echocardiogram; 3D-TTE) 3. WIRTIAHIUNIG

NaRA®IMIT (transesophageal echocardiography; TEE) 4. #0153 non imaging
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Doppler (pencil #58 PEDOF [Pulsed Echo DOppler Flow]) (gﬂﬁ 1.5) 5. uananiléa
fhasailduans W shasiavaeniden vascular ultrasound ¥nsa intracardiac

echocardiogram (ICE) Wag#n129 intravascular ultrasound (IVUS)

Transducers Ultrasound
Pulse
Jannaudyu LB Pulse
(Damping material) (Acoustic lens) length
anglu I I
H
&N piezoelectric FERUIUAIIIUNIUY

(Impedance matching)

gﬂﬁ 1.4 d2uUsenaunazn1si19IuUYes ultrasound transducer

- ) Lo’ & Dy o ~ o & v v
AN piezoelectric [unsumasassdygrandssanwasnulnin wazidussudygiu
a 9 o & o ¢ A Y oA o o a a
vesasnaunaziuanautdundsaulain LOUEALFIIINUNIUIUTUNTIVOIR LAY UTId
mhuwluresiinyavedlfaguiuaiudumiurie impedance matching 938aan13
avviaunduraadsdiiawausanisindssserinsiaviaiuauddsslinay
AnlUaveIn Otto (2018)

Principles of echocardiographic image acquisition and Doppler analysis



8 Practical Echocardiography

Ul 1.5 Wansaavdiasing q

a) ¥1M377 transthoracic 2 §i# (2D-TTE)
b) #9579 transthoracic 3 4 (3D-TTE)
c) %n979 pencil #50 PEDOF

d) $1%373 transesophageal (TEE)

AMAUUAYDININGID
1. AIAAAUE (Transmission frequency)

mnaBRaudesang1e ultrasound Slfdenvanananud faus 2.0 MHz
1%l transthoracic echocardiogram &3 20 MHz #ldlu IVUS  d1m1$un1sasia trans-
thoracic echocardiogram pasiivnTialidenunnnimilei wielimnseeinusu
pdumdld edenlilimnzaniugthsusazsne wu denliinga 2 MHz Tu
fueslvgdnumiedulsageanltomes uazidoniinga 5 MHz Tugtheifisadn
WHudu

2. ¥asanudidesly ultrasound pulse (Bandwidth)

ultrasound pulse 93¢ 9 uan lladinnudifen wauszneuTuLNINANLEATY
a g | | aa Yy A o q v = . . aX
AUy BeAudBInINBinlnauazBeausnIw (axial resolution) AT

wann1sasenwARWRusasiouialawaz sty Doppler
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= . v Y |

WWS129za509 IR pulse length duad Feaztiwann1s9ouiuverNIaINITsu

dyayavesingiedlng q fdulukwidrdudsslddvu uenaini frequency band-
width Ainfedsdevilinisueadiunningiiedlnaldasidendaauiu

3. AUATIUSU-d9 V9 ultrasound pulse (Pulse repetition frequency; PRF)
MSAUNIY ultrasound pulse 910 transducer lUgseionznelu wavaziou

naung transducer figdlilanduiunis Asiuly 1 3u1i 919U ultrasound pulse

'
o w

MnsIvgaunsadaarsuldanysaiiaditndiin - Suiuseuiu-dweniiniase

WNAtEENIT PRF Befufiuauinuesingfny) uag mode Y8INSUARININ
fegatu mningediin 20 wudung uavadudsaiundudendieninmug,
WinU 1,540 wns/AUd agldnanduniali-nau Wies 0.26 aduni Aeludeeanse

$u-dslads 3,850 SoURBIUNT %38 PRF (M-mode) iy 3,850 Hz tiules

4. Yunvasudusu-dedeueunns (Aperture %3a “foot print”)

[T AEY]
o =l

unvesiusu-dudaamsiivnadnnefiayinsunsnadlusening intercos-
tal space 1¢" vihlsilsignnssgnisuazannsodspiidesnsldagain  transducer 7
ﬁLLﬁmmméﬂﬁqﬂé’m #7399 non imaging CW Doppler transducer (CW; con-
tinuous wave) %39 pencil probe %38 PEDOF probe #l4m579 continuous wave
9Y1LAEN

UszinudAgy -

. szyznNlERuGNdRdyanaudes (ultrasound pulse) anll AuNIEY
transducer SUNAUNNTUAUTEEENG (AINEN) VosTngNasiau

. PRF fimnudfnysieanuastdenuasnin (image resolution) Lags1uIuAmN
AU (frame rate)

«  Pulse length MU %38 PRF MLALTU LALANAZIDYALULLIEN (W1IAY)

. JUNSIWBINAs ultrasound Fuiuladeviateedne gnivannsauTugnTIm
des Quadeadmniiv) vselnddlvinssiuiuniwesingimasdinule e
WinuazlduntniauveinIn a furiatuinniign

Principles of echocardiographic image acquisition and Doppler analysis



10 Practical Echocardiography

UeilnNananiuazdenvainIn 2 i6 (Two dimensional (2D) resolution)

ANuazBunrasnm lakiruasalumsuenuezyn 2 ndAniy dupeds

'
= 1

firnuaziBununn Aanansaasenmlineniiugn (Jng) 2 adieginiuuin 9 weneen

u

MnAuld (3U7 1.6)

ANAZIBIANIN A2NAZBYANIN ANuazidenlung
Tunuafia Tunuaszuy adudngiiadoulnl
(Axial Resolution) (Lateral Resolution) (Temporal Resolution)

L L A
/A\ [\ /2\

Uadewaniifima - Pulse length - Beam width - Depth
- Frequency - Depth - Sweep angle
- Gain - Line density
- PRF

UM 1.6 Usznvasanuasdenvasmnuazladenanlunisiivuanny

ALLDYAVIININUSTLLANGNG 9
ARLUas9In Armstrong et al. (2019)

anuaBenluwaddes Wiouuane (Wuadn) (Axial resolution)

Yasuiiinase axial resolution léuA

1. Audvesnduds (?qumﬁgq PUATLE YOI NE )

2. AMUNS19UeIYIIALEveIRAuaT (band width) Betaudina A
avLBunuDIn M)

3. GUI’J\?L’Ja’]‘UE]\‘VQQ Aryey1ad pulse length (?Jﬁ pulse length é’ﬁu ANATLDUAVD
AmBasn)

AUAEYATUKUITTUIU (WUIUBY) (Lateral or azimuthal resolution)
Yasudiduane lateral resolution léu
1. Audvesnduds
2. Aruni1evesdindudes (beam width) fisyduanudneng o B
SadudsuAy ALasSaveIn M)

wann1sasenwARWRusasiouialawaz sty Doppler
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3. M3UFUAIINGA (gain) Vasda sy

4. Anunwestnmuivesnduds (band width)

5. szduves side lobe @udsansuiieududnweddeman) way grating
lobe (@1dosnsziiiousnudndndsman wifliuduvesdidendedideman)

6. sefUANNENYETIRY TiszerBsdniinaain transducer witla lateral reso-
lution Bvanas

AUAZIBYALULUIAUNUIYDY tomographic slice (Elevational resolution)
Tomographic slice Tnestald fanumunsn 3-10 fadwns Tufumudnuas
UARINTIA
Yaduiifinarie elevational resolution léu
1. audvesnduds
2. Anunieesdindudss (beam width) TussurusuanumuIves tomo-

graphic slice

sULUUNSE31900 (Imaging modalities)
A-mode

A-mode 138 Amplitude mode (unsuuansanudivesdyqrandesayiou
fiszoranse q Faseiindniudsdyanaiuiens Amode Wiy mode Fimmuntuan
FausiFuusn Jagiulaifiildudn

M-mode

M-mode %38 Motion mode #iaIU191n A-mode TagALATIZRALLIANEN
vo9¥ng Inesionm A-mode agwsaiilos Winanedunsmuansiumsanudnves
a¥orzelusing q Adsuunlawmunan wiednonisdonsuaninininuinses
e o wwaRmisfunaiinly

uaNaINi M-mode galviveyamuanuduvesdyaandes Insudannudy
Fryayrandeaveaganna o Wuanuainwnntes 91nvnlu (gray scale) tuite win
Lifidygrauazuansnmiduden mnlasudygraun 9 avuanadudivies q uazam

WUIE0Y ) N IaATULIITUY

Principles of echocardiographic image acquisition and Doppler analysis



12 Practical Echocardiography

Joya M-mode fwandluve ansausumnuslunisindeunn (sweeping

speed) Iédaud 25 fv 150 dadwns/Aund

dlasnnnsadanmues M-mode Raandayanaminuuiaidss (ultrasound
beam) ognuaen lulaoidunisadianinainnisrennvesratgandes il
M-mode i PRF g4 yhlisanansafnunsideunas vienmstndeulmueslasaing
aeluidla a dumswunioidldednanden ufedl temporal resolution RN
Tneil sampling rate 513 1,800 AS3/Aundt vilisanansesesfiumsindeulme o
fedoulmidr Wy nada Unvesdy, msduazdaves anterior mitral leaflet lu
@ﬂw?ﬁyuﬁﬂmaaa%aﬂ%ﬁ (aortic regurgitation) nsduazAvesiaU vegetation 53
famsfnwinaedeulmuowmiivilares ventricle I¥agnstniau fewniiadsdon
SapnumuiuazANn1sves cardiac chamber Tng38 M-mode g (§UA 1.7) uif
Uagiuatunsgiufensinein 20 Taeassiany

a b

Ul 1.7 feg1an1s1d M-mode Tunanddin

a) M-mode 526U tip 784 mitral valve wie¥a LV dimension

b) M-mode U84 mitral valve ¢e sampling rate ﬁq&‘uad M-mode ¥l¥ temporal
resolutiond t5a@uNsaiunsazda (high frequency fluttering) ¥e4 anterior
mitral leaflet (AML) (gneis) Lalugthe aortic regurgitation

amadaulng 2 i (Two dimensional echocardiogram; 2D)

2D echocardiogram fen wutidafiuaninspdeulmvesiila ammiiga
vaatila (sector scan) thiistuainnsadresnm laensaasninddes ultrasound
Tunun Tz UUININAR (tomographic plane) wdatidudey g auusazidu (scan line)
inUszneutudunin 2 17
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sreznanAumeLdedli-nduauuday scan line Wudadarimvunaiusa
Tumsadranmusazam awdiianuniaasan msadrenmegldinanni uay
ynamtudunmedoulmaglddununmiolund (frame rate) s vilvigll
sariles uagenadruusngmsaidndiylutag cardiac cycle th 7 1 {rmadaiosts
sywiernusndulunsveneiuiiadresnin (sector scan area) wanifu frame rate 7
wanae deunsdenuuin sector llvaiiudufudielild frame rate gafianiidu
TUle

Frame rate fivinzaulunisdnwinmedoulmaesdiulszneuneluimla
A25il frame rate 1A 30 frame Aedu?l frame rate auatayldinanadranm
usazAm 33 fadunil 138917 128 scan line #lo sector scan finudn 20 wufluns

Haduddaiiinaseruazdenvesnin (resolution) Shututfumumunuy
YoLAUAY QYA (scan line density) 50 TIUIULEUAYEYIUABD sector scan 1ABRIN
sector scan area JvwalinTafudiluagdieyilif scan line density asivlinm
flfineandongsty

n15U3UAIAT (Instrument setting) Tun13m593 2D echocardiogram
1. Power output (N&4&4)
WumsuSuanuuswesraudssdyamidniniinga maiuimasdasiing

liladygraasiounduiioasnsnniusdu egelsinumasdsiisnniuluvhli
apnusousuoradusunenadiodsls

2. Gain (overall gain)

Wunsuiuamnuuse-u1ves amplitude vesdygnaiiaeviousunadunaseni

N15UU gain Wisualeuiun15UTU volume control Tuip3essuing duns
U5U power output WUSguaiiouiumsusumdsdsvesaniling

NM5USU qain Munzanfe [TUAYAIN gain AN LAIADY 9 WX gain YUIULTL

1 . A . a < v A 1 & Ao _a

Wi signal nndennielu cardiac chamber Wigsianios lnsidealinsidudaain
(5U% 1.8)

Principles of echocardiographic image acquisition and Doppler analysis



14 Practical Echocardiography

U7l 1.8 N13UU gain nw 2D

a) wnAuly (overgain)
b) wed (optimal gain)

v a

o) tesiuly (undergain)

a PN ' = A Y v a X A v g v
ANURANaIRINUUeY Ao lunsaiinmliddn dnsiadniiia gain Tuitenisl
ANERTU WARse 9 uan nsnsevieanamn lilvihlisiusigazidennmatunseendle
wisnglaigieiiia resolution %38 contrast s¥ninadngeng o  WIsualioudeyny o
a A o a a vo X day v o g v ° N =
Ingnidvsrduunsnsuniuin Msdadesidauniilaviliflsdmavsodoswuns
lofanuvuusognla insedessuniu (noise) ignueneiewuriu

3. Time-Gain Compensation (TGC) 3@ differential gain

Tngunfidayaansuanningeglng (near-field) asidayaaiiusendn &y
Ao o A = P ' o o I =
MFunningiieddn 1 (far-field) \pa NN soaumMAsaIRAUdEwNILLIANEN DY
andes  Aausnedndu dealsu gain vesdeulivuvan  lngas gain A7l

! PN & A vy Aa .ooa & |

near-field wazeey | Wiaastu Tu far-field ialdn il gain Mivanzaunsnim lyunn
lunsetegluluunsiumis viseluurensallu far-field 9138 strong reflector Wu peri-
cardium 1580 gain VSN e AT TN N LARTY

TGC Wuwnsiusznaulumedu slide wanady  wausnanuududuuiu cain
994 near-field laSesdalufislauiu cain 71 far-field ign (37 1.9)
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a time-gain control

b near-

c far-fi

gﬂﬁ 1.9 A15U3U Time-Gain Compensation (TGC)
a) middle field gain gealvgy Msseumsitnegldnmimnzen
b) near-field gain g9, far-field gain i

©) near-field gain i, far-field gain g4

Principles of echocardiographic image acquisition and Doppler analysis



16 Practical Echocardiography

4. Depth

AoN5USUTEHEANENUDINTN ATLANTBINNTALNZEL AISLARINIZEIL
FdesnsAnwilasuduwin msusunnliiaudniusfuuenanasyilinm
yosduiidesnsanuilvundnands  Sulnaviils PRF uaz frame rate anaq
dosmnsvsgmefidsoaiunslundumnnduiiuies (Uil 1.10)

a b

Ul 1.10 Avwdaiusszning depth,
sector width tag frame rate

a) depth @nway sector 114 Huavinlut
frame rate 61 (37 Hz)

b) depth uuay sector uAY ¥lo frame
rate g4 (119 Hz)

©) depth Wag scanning Way sector Wof

c WiunmAsuu wazle frame rate lai

AUl (61 Hz)

5. Sector scan width
ABNNSUSUANUNINNVBININ WIULAEINUNISUSU SEeemNuan Y890 N AL
AU DIN WAL L EUAITHARIRANILAIUNRBINISANEAATUDIUYNTY  AIUAING

Y99 sector scan $Wane scan line density wag frame rate fafinalunan

wann1sasenwARWRusasiouialawaz sty Doppler
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6. Frequency

'
a

Fafina1aluuda adu ultrasound ﬁﬁmmﬁqwﬁﬁ resolution 71ALAL pene-
tration Witios wagwnAAY ultrasound dAudis a¢l penetration asluléEn s
Foauaniu resolution Tianas HnsIvRedden frequency Wiwmunzauiuaudnves
Tngilenlla wardnvazvowhgine wu Tufthefidlng fsusedn viedulsagean
Tanes 013dnduiesan frequency ¥09HINTI

7. szezlnng

mstifasadudss (ultrasound beam) Aeldfiaudides (acoustic lens) Tuwus
frAudes (beam width) Tiuauidn ielifemumunutureuuidides (scan line
density) a1 Ushaisnaulannniu Bsrnunireesundnaudsuauiile avili
scan line density uagAuazLdavaInIn (lateral resolution) AU ms1zazannsa
mewsé’zymmﬁazﬁaumﬂi’mqﬁawL%‘mamﬁuagiiuLLuaizuﬂuiﬁﬁsﬁu pg1alsiniu
nslidaddedideidoeorlinuniwesdndsmdagalidadvunaniisduun
¥l% scan line density shas dssalinmiiusinglu farfield dmnuazidonauda
anas n1sldadesidifundnnisideasuiisnlfiandsinnasluniuninie
ndesdnegy (3UTl 1.11)
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18 Practical Echocardiography

U 1.11 mslnifades

ultrasound
Tunsdlniinisusu focus

Lens o o o
ddea (a) wazliusu focus
Y (b) ns@ININS focus andea
seezlng
o Near field a4 90 focus LAAIMUAUILUY
Al i ,
Focus | 984 scan line ganiAIY
Zone y = o
ALLDYAAUTAVDININ Lot LU
szuzlna JrEENANAEINTA focus
Far field o o ] o
LUIALEL90 199N INNY
a) b) \ danalyirnuazdenvaInIn
AnliasIn Armstrong et al. (2019) anas

8. Gray Scale/dynamic range

a o o Y] 19 = P a A

AaN1sUFUIIILIERUAUNYRIdmITLandlunIn  AnuSaiaiegaly
Uhaudlanan wilaun1susu contrast YNNI

AT contrast 1A (dynamic range 1) ABIIUIUITAULAASALINITZIING
13- ldinn unagedlianuuanadeiuann @un i contrast Uee (dynamic

| v = ! v = v Y | '

range g9) wanshilseAuAnivianvateusiagseaudmianalndifesiulatused

aul8unaNY LU (gﬂﬁ 112 LLazgﬂﬁ 1.13)

;;‘U‘ﬁ 1.12 n5U3U gray
scale

WaUUY gray scale 71l
avldum 1391l contrast
11N (dynamic range #)
wauans & gray scale
avldum NNzl contrast

ey (dynamic range &)
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b

Ul 1.13 M3U3U contrast ¥8snw

a) AWl contrast 1nn zfiuAMLLANAISEdenLazLiede (blood-tissue
interface) %130 endocardial definition ¥a%u wilfiussazBonmelulasadisdn
A3 9 vesilalalid

b) A contrast Wee Wuseandunnelulasasiediusing o Tuila (tssue

characteristic) l@unau

9. Harmonic imaging

Harmonic ¥3e AAudstmeu Ao AdudssiiAnanadudesiiugiu funda-
mental frequency) usflenafiduduan 2, 3, ... wihwesnuiifiugy Usingnsal
Aerawdessmeuisinavaunniudos q Weadeuiuneihuilednadly

Li’]ﬁﬂuﬁiﬂﬁﬂﬂiﬂ&l%ﬁﬁﬂﬂﬂi”lﬂgmiﬂj‘ﬁ Tnethdauainedudsstinausn
La%uﬁué’q;zywmmﬂﬂﬁu@mﬁugwwﬁamsa%’wm‘w l9ensdIuU signal o noise
sty ldureuwevesifduluila (endocardial definition) Wity uenani
feaunsnan near-field way side lobe artifact l6igne  harmonic imaging 3l
Usglovillugiefinmdiléann fundamental image laifwe (poor echo window)
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20 Practical Echocardiography

a

atdlsfinnunisld harmonic imaging vinlimgAiGeuwuweE AU lagrun

niUnd gns79 JeressedinseTslunisulana (3UM 1.14)

gﬂﬁ 1.14 Harmonic imaging

a) andil§an fundamental imaging

b) amiildan harmonic imaging azufiusessaszninenduilelatiuiden
(blood-tissue interface) Farauiu usiauialaguuitu

“nmlden” suboptimal image quality drunsauily fAsralull -

Poor echo window
WaguFWIAUY transducer W@en imaging window Tl (9u subxyphoid view
TugUegeauldane) azupstreundy melaeanganauisll vivensiaiiueie

transesophagel echocardiogram

Poor penetration (nwszezlnalidn)

- @enlAnudncag

- 14 tissue harmonic imaging

AMNA9 (Imaging artifact)

nsafaninlag ultrasound asnsavitliinnmailives nmalnintudle
msdouivesandss ultrasound Bidumuniseyunuremdnnisasnanin (s
711.1) dfudasiuazdulananisnsia echocardiogram Sulusipaddnanaisuay
v a & oA A a A vaa o ada
dnlanalnmaiianmaraduegafiienanideansliidadenianain
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M13199 1.1 MIRNIUYRINTAT NN mngaaudesasTiouniale uaz artifact 9
a g ‘ﬂ. d' M v a wa
i WenawdsdildufiAnuniseyuny

N139UUIU Artifact
1. andeapumaduidunse ASHNLIA
2. szuudeslddanumun beam width
3. fyanaasTeudisuininnannisaseuiisnduien reverberation

mirror image

4. aFgalliiesd A3 ananduLien side lobe
grating lobe

5. anudnvesinguusiulaenseiussugnalunsiAunavesrdy  refraction
VB9 LaronsInIsiedeunvesdsdluialawindu 1540 m/s

6. Windsaaunidnasli mnuussvesdyginanasotemeillos  shadowing
Tudnsuin o AusaeaLdunIg enhancement

[

A . . = ' a0 a & q'
AMNAN KIB IMaging artifact le']EJUi%Lﬂ‘V]IﬂEJLL‘UQm’]lI'Jﬁﬂ']Lu@ U (M15199
1.2)
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Practical Echocardiography

M15199 1.2 asUnalaiila wazadaE19vaIN WA UTEANAIN 9

wausing

19819

a [ o
LLEES LULAURN

Wi uwautudenn
817891 FULLIAY
(MSeMnaeNounsa

LWREINRINT 9

WAUNINADNVB4

iy dnasly
2191
Tnefinswnaeulm

Puaunilowingasy)

« Prosthetic valve
o upaweulu
Walde

Prosthetic valve

\3osthdnyayalle
Fumsazviouan
Fngitoging 9 us
agjuaﬂ jjnaginyg
plane WIHNIATN
Awdgduiuing
93¢ Tu imaging
plane

Aortic valve “lu”
left atrium,
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Principles of echocardiographic image acquisition and Doppler analysis



24 Practical Echocardiography
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