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ECHOCARDIOGRAPHIA
Technikai alapok

Viking longship (c. AD 900)




Technolégiatorténet

Piezokristaly
Transducertechnika

— TEE (endoscop): rakétaépités, hibakeresés
Radiofrekvencias (RF) jel

Analég szlirés/jelfeldolgozas (1970...95)
,Korai” digitalizalas (1995 ...)

LAll digital” (kb 2000 ...)



Lewis Fry Richardson
1912 — ultrahang alkalmas lehet viz alatti felderitésre

ipari ,reflectoscope”
Firestone

Paul Langevin —I. vh., SONAR
(nem hasznaltak)




Dr. Inge Edler
Lund 1954
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Hertz és Edler

Lund, Svédorszag
Helmut Hertz

— mérnok-fizikus
Inge Edler

— kardiologus
Siemens

e kezdet: 1950
 BK hatso fal, mitralis
— utobbit évekig az elsé
falnak hitték

— boncolasokkal
egybevetve korrigaltak

— f6 téma 1950...60: MS

— 1960 lIl. Eurdpai
Kardiologus Kongresszus,
Roma (Edler)



Harvey Feigenbaum

* 1963 (Joyner, Reid alapjan)
 AHA Los Angeles 1963

— sajat mellkasara tette
— oOtlet: pericardialis folyadék?

* [ndiana Univ.: ultrasonoscope —a

neurologusoknal

— elkérte ...
— ,echocardiography”
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Wavelength and frequency

« Waveiength and frequency are inversely related

 The unit of frequency is Hertz (Hz) = 1 cycle in one second

Cardiac US imaging frequency range

IVUS

www.escardio.org/EAE




Interactions between ultrasound and tissue

* Reflection
* Refraction
» Scattering
 Attenuation

v reflected
: refracted

_~ incident
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Reflection

Fraction of the reflected intensity depends on acoustic
iImpedances of the two media

e |

Acoustic Impedance = Density X Speed of Sound

9
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Scattering

« Scattering is caused by interaction with a very small
reflector or a very rough interface

« A small portion of the soundwave returns to the

transducer

Visualization of Visualization of the
surfaces parallel to the texture of gray-scale
US beam i

Basis for Doppler
imaging

www.escardio.org/EAE



Attenuation

 The amplitude/strength of the wave decreases with
increasing depth

 Depends on acoustic impedance

Attenuation is frequency dependent such that lower US
frequencies penetrate deeper into the body.

www.escardio.org/EAE hocardogapy  SOGIETY OF




Ultrasound beam

Near field Far field

Frequency, size, and focusing affect image quality in the

near and far fields
Feigenbaum’s Echocardiography, 6t Edition
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Ultrasound beam

Linear array

Phased array
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Beam stearing
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Beam focusing
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Resolution

Resolution is the ability to distinguish between
two objects in close proximity

« spatial resolution

« contrast resolution

* temporal resolution

www.escardio.org/EAE




Temporal resolution

Temporal Resolution

— the ability of the system to accurately track moving
targets over time (also known as frame rate)

— depth of field affects temporal resolution

www.escardio.org/EAE




Tradeoffs in image creation

Depth

Line density Sweep angle

, )
P Frame {

rate
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Artifacts

73
HR

Acoustic shadowing
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Reverberations

30
HR




Artifacts

IS

1 MV EVel 70 cm/s
MV DecT 467 ms
MV DecSlope 1.5 m/s2
MY A Vel B3 <m/s
MY E/A Ratio 0.84
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Ghosts
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Felvételi sikok

Akusztikus ablak kritikaja
— ha rossz, leletben rogziteni
Parasternalis hossztengelyl nézet

— nézni tobbol is lehet, mérni csak egybdl
— BK hossztengelyhez igazodni

Parasternalis rovid tengely
— Tobb ablakbdl megengedett
— Ha foto: végsystole

Csucsi nézetet a csucs feldl kell vizsgalni
— kontroll: ,csucsi multiplan” vizsgalat



Atmérdék, teriletmérések

e M-mode ,dream”

— Jol definialt és jol reprodukalhato, de nem
alkalmas volumen- ill. tdmegszamitasra

— Kovetésre alkalmas

— ,anatomical” — csak fotoval egyutt adhato ki
e 2-D

— Atméré csak fotéval (reprodukalhatdsag ?)

— Planimetria (stenosis, EF) - fotoval




Sebessegek

* AV szajadékok

— 2D sik legyen standard, mivel a jet(ek) irdanyat nem
tudjuk

— Color sokat segit
* Aorta stenosis

— ,Szabalytalan” iranybdl is mérhet6 — a maximum
érvényes

— Color nélkul konnyebb a nyitddas helyét
megtalalni



Akusztikus ablakok, transducer
poziciok




Parasternalis hosszmetszet




Aortas parasternalis rovid tengelyi

mefcszet

anterior




Parasternalis rovid tengelyl metszet,




Parasternalis metszet, papillaris izmok
szintje; csucsi szint




Csucsi 4-Uregl metszet

inferior

moderator band jobb _l_ bal

superior
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Csucsi 5-Uregl metszet

Inferior

posterior —— anterior




Csucsi 2-Uregl metszet




Csucsi 2 liregii metszet bal Subcostalis hosszmetszet
flulcsével

infenor antenor

I

SUPENOr —t— infenor

postenor —i— antenor

Spenor postenor




Suprasternalis hosszmetszet

superior

I
|

Infarior

anterior

postarior

1. Suprastemals hosszmetszet (iv)
Suprasterndlis hossrrnetsaet
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A feln6tt echocardiographias vizsgalat soran kotelez6en
véleményt kell adni a kovetkez6 elemekrdl:

Bal kamra

Mitralis billentyd

Bal pitvar

Aorta billentyd

Aorta

Jobb kamra
Tricuspidalis billentyd
Jobb pitvar

O N Uk WwN R

Pulmonalis billenty(

=
o

Arteria pulmonalis
Pericardium

=
N

Vena cava inferior
Pulmonalis vénak

=
w

WWW.esca rdio.org/EAE European Journal of Echocardiography (2008) 9, 438—448




A transthoracalis vizsgalat digitalis minimum-protokollja

Loop Spectrogram

Parasternalis

1. BKhossztengely (2D+color+M*) 14. Transmitralis aramlas

2. Rovid tengely aorta (2D+color+M*) 15. BK kidramlasi aramlas

3. Rovid tengely mitralis szint (2D) 16. Aortabillentyd kiaramlas

4. Rovid tengely kdzép-papillaris szint (2D) 17. Tricuspidalis regurgitatio

5. JKbedramlas 18. Pulmonalis billentyd aramlas

6. JKkiaramlas 19. Mitralis anulus szoveti Doppler (septalis,
Csucsi lateralis)

7. Négylregli metszet

8. Otiiregli metszet

9. Kétlregl metszet

10. Hossztengelyi metszet

Subcostalis

11. Négylregl

12. Vena cava inferior collapsus belégzésre
Suprasternalis

13. Aortaiv hossztengelyi kép

www.escardio.org/EAE

(* - M-méd opcionalis, alléképen)

European Journal of Echocardiography (2008) 9, 438—448




,Echo”- mérések az echocardiographias leletben

 Bal kamra méretek

- Térfogatl(ZD,vzil,gy 3P) o * EDV 35-75 ml/m2, ESV 12-30 ml/m2
— M-méd atmérék (végdiastolés, e EDD 22-32 mm/m2, ESD 14-21 mm/m?2

végsystolés)
— Septum és hatso fal vastagsag

.., ) ., i * [VS6-10 mm, PW 6-10 mm
* BK ejectios fractio (ajanlott: térfogat

alapu) * o >55%

* BK regionalis falmozgaszavar (1-normal
...4-dyskinesis)

«  Bal pitvar (legalabb két orthogonalis *  27-40 mm
atmérd, ajanlott: térfogat) * <29ml/m2

* Jobb kamra méret (normal vagy tagult)

* JK systolés functio (normal, csokkent:
mérsékelt, kozepes, sulyos fokban)

* Jobb pitvar méret (normal vagy tagult)

* Aorta gyok maximalis atmérd a sinus e <39mm
Valsalvae szinten *

* Vena cava atmérdék (belégzés-kilégzés)

*  Mitrdlis szdjadék area (mitralis
stenosisban)

e Megjegyzések (szabad széveg(i mezd)

e <21 mm/m2
e <17mm

(*-ha kéros: sinotub.junct. és ao asc. is)

www.escardio.org/EAE European Journal of Echocardiography (2008) 9, 438—448




Doppler mérések az echocardiographias leletben

BK diastolés functio
Normal vagy dysfunctionalis (3 fokozat: karosodott relaxatio, pseudonormalis, restrictiv)
Sebességek: E hullam, A-hulldm
Deceleratios id6
Szoveti Doppler PW a mitralis anuluson: E’ hullam sebessége
Billenty(ibetegség — az érintett billentyl megfeleld jellemzése
Mitralis
atlaggradiens', PHT-area, regurgitatio (semmi, enyhe, kbzepes, sulyos, avagy 0-4 foku)?
Aorta
maximalis sebesség, atlaggradiens', kidramlasi aranypar: VTI mérés a BK kidramlasban,
regurgitatio (semmi, enyhe, kozepes, sulyos, avagy 0-4 foku)
Tricuspidalis
atlaggradiens', regurgitatio (semmi, enyhe, kdzepes, sulyos, avagy 0-4 foku) 2, maximalis JK-JP
gradiens az art. pulm nyomas becslésére

Pulmonalis
maximalis sebesség, atlaggradiens', regurgitatio (semmi, enyhe, kdzepes, sulyos, avagy 0-4 foku) 2

- stenosis gyanuja esetén

2 - quantifikalas (ERO, reg.fractio,vena contracta) helyeselhetd, de a sulyossag fokat is meg kell adni

www.escardio.org/EAE European Journal of Echocardiography (2008) 9, 438—448




Az echocardiographias lelet alapszerkezete

* Fejléc
— altalanos adatok
* Leiroresz
— alelet magva, a kovetkeztetéseket megalapozd, a sziv strukturalis elemeinek kiilonb6z6
modszerekkel nyert adatai

*  M-mdd, 2D, (3D)
* Doppler -szines, PW, CW, szoveti

— egyéb moddszerek
* Transoesophagealis echocardiographia
* Stress echo
3D, intravascularis etc.

— Az attekinthet8séget szolgalja, ha minden szakasz révid véleménnyel zarul

« Osszefoglalé

— Alelet kivonata, barmely orvos szamara érthet6 modon

e Alairas, datum

— Alelet felel8s szerz6je és a vizsgalatot jévahagyd neve

WWW.esca rdio.org/EAE European Journal of Echocardiography (2008) 9, 438—448




* A vizsgalatra szant id6 legalabb 30 perc legyen.

* Minden echocardiographias laboratorium
rutinszer(en ellendrizze a vizsgalatok
mindsegét mind a labor egészére, mind az
egyes vizsgalokra vonatkozolag

www.escardio.org/EAE European Journal of Echocardiography (2008) 9, 438—448




Bal kamra dimenzidk

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



TEE bal kamra méretek

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79—108



Bal kamrai izOmtomeg és a relativ falvastagsag

RWT= 2 x PWTd)/LVIDd

o Concentric ‘ Concentric

o o Remodeling ! Hypertrophy
3N |
O i
= .
- !
g '
= :

) > Normal ! Eccentric

x s Geometry i Hypertrophy
vi '
|

<95(Q) >95(9)

<115 (d) >115(d)

Left Ventricular Mass Index (gm/m?)

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



Bal kamrai izomtomeg szamitas

1 _ A2 _ A1 -b
b T

LV Mass (AL) = 1.05 {[ 5/, A, (a+d+t) | - [/, A, (a+d) [}

LV Mass (TE) = 1.05 x {(b+t)2 [ 2/, (a+1) +d -

AL — area-length, TE — truncated ellipsoid

www.escardio.org/EAE

d3
3(a+t)?

3
|- 02 [y avd - == 1}

Eur J Echocardiography (2006) 7, 79-108



A Simpson maddszer szerinti biplan térfogatmérés

LV EDD

LV ESD

-

www.escardio.org/EAE



Bal kamrai referenciaértékek

Table 4 Reference limits and partition values of left ventricular mass and geometry
Women Men
Reference Mildly Modemately Severely Reference Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnormal abnormal
Linear method
LV mass (g) 67162 163186 187-210 >211 B8-224 225258 259-292 =293
LV mass/BSA (g/m?) 43-95 96-108 109121 =122 49-115 116-131 132-148 =149
LV mass/height (g/m) 41-99 100115 116—-128 >129 52126 127144 145162 >163
LV mass/height (g/m)*7 18-44 4551 52--58 >59 20-48 49--55 5663 =64
Relative wall thickness (cm) 0.22-0.42 0.43-0.47 0.48-0.52 >0.53 0.24-0.42 0.43-0.46 0.47-0.51 >0.52
Septal thickness jcm) 0.6-0.9 1.0-1.2 1.3-15 =1.6 0.6-1.0 1.1-1.3 1.4-1.6 =1.7
Posterior wall thickness {(cm) 0.6-0.9 1.0-1.2 1.3-1.5 =1.6 0.6-1.0 1.1-1.3 1.4-1.6 =1.7
2-D method
LV mass (g) 66150 151171 172182 >183 96200 201-227 228254 =255
LV mass/BSA g/ m?) 44 88 89--100 101-112 =113 50-102 103--116 117-130 =131
Values in bald are recommended and best validated.
Table 5 Reference limits and partition values of left ventricular size
Women Men
Reference Mildly Moderately Severely Reference Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnormal abnormal
LV dimension
LV diastolic diameter 3.9-5.3 5.4-57 58-6.1 >6.2 4.2-59 6.0~6.3 64-68 >6.9
LV diastolic diameter/BSA (cm/m?) 2.4-3.2 33-3.4 3.5-3.7 >38 2.2-3.1 3.2-3.4 35-36 >3.7
LV diastolic diameter/height {cm/m) 2.5+3.2 3.3-3.4 3.5-3.6 >3.7 2.4-3.3 3.4-35 3.6-3.7 >3.8
LV volume
LV diastolic volume (ml) 56104 105117 118-130 >13 67155 156178 17920 =201
LV diastolic volume/BSA (ml/m?) 35-75 76-86 87-96 297 35-75 76-86 87-96 297
LV systolic volume (ml) 19-49 50-59 6069 =70 22--58 5970 71-82 >83
LV systolic volume/BSA (ml/m?%) 12-30 31-36 37-42 =43 12-30 31-36 37-42 243

Yalues in bold are recommended and best validated.

www.escardio.org/EAE
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A bal kamra funkcio referenciaértékei

Table 6 Reference limits and values and partition values of left ventricular function

Women Men
Reference Mildly Moderately Severely Reference Mildly Moderately Severely
range abnormal abnormal abnormal range abnormal abnormal  abnormal
Linear method
Endocardial 27—45 22-26 17-21 <16 25—43 2024 15—-19 <14
fractional
shortening (%)
Midwall 15-23 13—14 11-12 <10 14-22 1213 10—-11 <10
fractional
shortening (%)
2-D method
Ejection 255 45-54 30—44 <30 255 45-54 30—44 <30
fraction (%)

Values in bold are recommended and best validated.

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



A 17 szegmenses modell

@ Four Chamber
Apical cap

@ Two Chamber @ Long Axis

Cerqueira MD, Weissman MJ, Dilsizian V, Jacobs AK, Kaul 5,
Laskey WK, et al. Standardized myocardial segmentation
and nomenclature for tomographic imaging of the heart:
a statement for healthcare professionals from the Cardiac
Imaging Committee of the Council on Clinical Cardiology of

the American Heart Assodation. Circulation 2002;105:
53042,

//
www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



Coronaria territoriumok

@ Four Chamber @ Two Chamber @ Long Axis

AL

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108
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[Jcx  E=RcAorLAD




Jobb kamrai mérések

Eur J Echocardiography (2006) 7, 79—108
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Jobb kamrai, pulmonalis méretek és a jobb kamra funkcio referenciaértékei

Table 7 Reference limits and partition values of right ventricular and pulmonary artery size”®

Reference Mildly Moderately Severely
range abnormal abnomal abnormal
RV dimensions
Basal RV diameter (RVD#1) (cm) 2.0-2.8 2.9-3.3 3.4-3.8 >3.9
Mid RV diameter (RVD#2) (cm) 2.7-3.3 3.4-3.7 3.8—4.1 >4.2
Base-to-apex length (RVD#3) (cm) 7.1-7.9 8.0-8.5 8.6—9.1 >9.2
RVOT diameters
Above aortic valve (RVOT#1) (cm) 2.5-2.9 3.0-3.2 3.3-3.5 >3.6
Above pulmonic valve (RVOT#2) (cm) 1.7-2.3 2.4-2.7 2.8-3.1 >3.2
PA diameter
Below pulmonic valve (PA#1) (cm) 1.5-2.1 2.2-2.5 2.6-2.9 >3.0

Table 8 Reference limits and partition values of right ventricular size and function as measured in the apical
four-chamber view &

Reference Mildly Moderately Severely
range abnormal abnormal abnormal
RV diastolic area {cmz} 11—-28 2932 3337 =38
RV systolic area (cm?) 7.5—16 17-19 2022 =23
RV fractional area change (%) 32—-60 25—31 1824 =17

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



A jobb kamrai kidramlas és az a. pulmonalis mérési pontjai (TTE)

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



A jobb kamrai kidramlas mérési pontjai (TEE)

WWW.escCa rdi0.0rg/EAE Eur J Echocardiography (2006) 7, 79—108



Figure 15 Measurement of left atrial diameter (LAD)

from M-
pper right) at the level of the aortic valve. This linear
method is not recommended.

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79—108



Bal pitvar: biplan térfogatmérés

Left Atrial
Volume =

8/3m[(A,)(A,)/(L)] ¥

* (L) is the shortest
of either the A4C
or A2C length

www.escardio.org/EAE
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A bal pitvari atmérék/térfogatok referenciaértékei

Table 9 Reference limits and partition values for left atrial dimensions/volumes

Women Men
Reference Mildly Moderately Severely Reference Mildly Moderately Severely
Range Abnormal Abnormal Abnormal Range Abnarmal Abnomal Abnormal
Atrial dimensions
LA diameter (cm) 2.7-3.8 31.9-4.2 4.3-4.6 >4.7 3.0-40 4.1-46 4.7-5.1 >5.2
LA diameter/BSA (cm/m?) 1.5-2.3 2.4-2.6 2.7-2.9 >30 1.5-23 2.4-2.6 2.7-29 >3.0
RA minor axis dimension (cm) 2.9-4.5 4.6-49 5.0-5.4 >55 2.9-45 4.6-4.9 5.0-5.4 >5.5
RA minor axis dimension/BSA (cm/m?) 1.7-2.5 26-2.8 2.9-3.1 >3.2 1.7-2.5 2.6-2.8 2.9-3.1 >3.2
Atrial area
LA area (em?) <20 2030 3040 =40 <20 20-30 30-40 40
Atrial volumes
LA volume (mil) 2252 5362 63-72 >73 18-58 5968 6978 =79
LA volume/BSA (ml/m?) 22+ 6 29-33 34-39 240 22+ 6 29-33 34-39 240

Values In bold are recommended and best vatidated,

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79108



Aortagyok mérési
pontok

&

www.escardio.org/EAE Eur J Echocardiography (2006) 7, 79—108



Leletezés

e Koherens leiro rész

— A diagnosisnak megfeleld részletességl
szovegsablonok

* Vélemeény (,,barmely orvos szamara érthetd”)
 Mért adatok, relevans fotok mellekelve
* Alelet a beteg tulajdona

,Aki nem tud leletezni, nem tud vizsgalni sem”
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