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EchocardiographyEchocardiography



  

UltrasoundsUltrasounds
 4 critical points4 critical points

 FréquencyFréquency
 EnergyEnergy
 ImpédanceImpédance
 PRFPRF



  

FrequencyFrequency



  

 Wavelength.Wavelength.
 Audible sound 15 Hz-20,000 Hz.Audible sound 15 Hz-20,000 Hz.
 Ultrasound Above 20 KHz.Ultrasound Above 20 KHz.
 Medical Ultrasound- 1-20 MHz.Medical Ultrasound- 1-20 MHz.
 Velocity= Wavelength x FrequencyVelocity= Wavelength x Frequency

v  =  v  =  λλ x Hz x Hz

PHYSICS OF ULTRASOUNDPHYSICS OF ULTRASOUND



  

Propagation speed

Frequency

FREQUENCY

Ultrasound in 
medicine from 
1 to 10 MHz



  

Velocity of soundVelocity of sound
 Dependent on physical Dependent on physical 

make up of material.make up of material.
 Velocity is inversely Velocity is inversely 

proportional to proportional to 
compressibilitycompressibility

 Directly proportional Directly proportional 
to densityto density

 In body it is almost In body it is almost 
constant.constant.



  

MessagesMessages

 Propagation velocity is high in bonesPropagation velocity is high in bones
 Propagation velocity is low in the airPropagation velocity is low in the air
 In human tissue 1540 m/sIn human tissue 1540 m/s



  

Axial resolutionAxial resolution



  

Axial resolution

Small wavelenght means 
high frequency



  

Frequency and axial resolutionFrequency and axial resolution
 λλ = C/F = C/F
 C in human tissu is 1540 m/sC in human tissu is 1540 m/s
 Frequency 2 MHz,  Frequency 2 MHz,  λλ = 0.77 mm. = 0.77 mm.
 Frequency 5 MHz, Frequency 5 MHz, λλ = 0.31 mm. = 0.31 mm.
 Frequency 10 MHz, Frequency 10 MHz, λλ = 0.15 mm. = 0.15 mm.

Higher frequency, Higher axial resolutionHigher frequency, Higher axial resolution



  

MessageMessage

 Higher the frequency is, higher is Higher the frequency is, higher is 
the axial resolutionthe axial resolution



  

EnergyEnergy



  

EnergieEnergie

 An ultrasound is emitted  with a certain An ultrasound is emitted  with a certain 
energy energy 

 This energy is lost in tissuesThis energy is lost in tissues
 Conversion of US to HeatConversion of US to Heat



  

ATTENUATION OF ATTENUATION OF 
ULTRASOUNDULTRASOUND

 Exponentially with depth of travel,Exponentially with depth of travel,
 Dependent on Absorption and ScatterDependent on Absorption and Scatter

 On average for every 1 MHz, there is 1 db/cm On average for every 1 MHz, there is 1 db/cm 
loss, eg. 3.5 MHz loss in 2 cm of tissue is 7 db.loss, eg. 3.5 MHz loss in 2 cm of tissue is 7 db.



  



  

MessageMessage

 High frequency probe has low penetrationHigh frequency probe has low penetration
 Low frequenc probe has high penetration.Low frequenc probe has high penetration.



  

MessageMessage

 A balance should be made between Best A balance should be made between Best 
Resolution ( High frequency) and Resolution ( High frequency) and 
propagation depth ( Lower frequency)propagation depth ( Lower frequency)



  

ImpedanceImpedance



  



  



  

MessageMessage

 To see any structure this structure To see any structure this structure 
should have a different impedance with should have a different impedance with 
the previous structure the previous structure 



  

AngleAngle



  

Perpendicular 

reflexion

 Reflexion Diffusion

Diffusion



  

MessageMessage

 To get the best signal it is better to work To get the best signal it is better to work 
perpendicularely to studied structures when perpendicularely to studied structures when 
using echocardiographic techniqueusing echocardiographic technique



  

Echocardiographic modesEchocardiographic modes



  

M-ModeM-Mode



  

M-Mode



  

M-Mode



  

M-ModeM-Mode
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M-ModeM-Mode

Shortening Fraction = (LVEDD – LVESD)/LVEDDShortening Fraction = (LVEDD – LVESD)/LVEDD
Velocity of Fiber Shortening = SF/Ejection TimeVelocity of Fiber Shortening = SF/Ejection Time



  

Echocardiography: principlesEchocardiography: principles

ProbeProbe

Left ventricleLeft ventricle

2-D2-D

ProbeProbe

M-modeM-mode



  

512 

Image Analysis

Better lateral 
resolution 

proximal than 
distal



  

Image Analysis

Shorter sector 
plane

Higher axial 
resolution



  

Pulse Repetition Frequency Pulse Repetition Frequency 



  

Pulse



  

EchocardiographyEchocardiography

 Analysis of close structures permits high PRF Analysis of close structures permits high PRF 
and therefore high image rate.and therefore high image rate.

 In contrast deep structure cannot be analysed In contrast deep structure cannot be analysed 
high image ratehigh image rate



  

DopplerDoppler



  

VelocityVelocity

 Cardiac DopplerCardiac Doppler

F0

F1

Blood FlowV

V = (F1 - F0) x C/ 2 x F0 x cos a

Probe



  



  

DopplerDoppler
 Doppler ultrasound beam should in the Doppler ultrasound beam should in the 

alignement of the blood flowalignement of the blood flow
 Possible under estimation of the true velocityPossible under estimation of the true velocity
 No over estimationNo over estimation



  

VelocityVelocity

Systolic flow recorded at 
aortic valve level 0 m/s

V max = 1 m/s

VTI : velocity time integral



  

DopplerDoppler



  

Pulsed DopplerPulsed Doppler

 One cristal which sends and receives One cristal which sends and receives 
alternatively the ultrasound wavealternatively the ultrasound wave



  

Pulsed DopplerPulsed Doppler
 To analyse correctly an ultrasound wave we need To analyse correctly an ultrasound wave we need 

at lest to analyse ¼ of this wave.at lest to analyse ¼ of this wave.



  

Pulsed DopplerPulsed Doppler
 Consequences: Consequences: 

 High velocity of flow = high frequencyHigh velocity of flow = high frequency

Low velocity High velocity



  

Pulsed DopplerPulsed Doppler
 Flows with high velocities cannot be analysed by Flows with high velocities cannot be analysed by 

using pulsed Doppler. using pulsed Doppler. 
 All physiological flows have low velocity (1 m/s) All physiological flows have low velocity (1 m/s) 

and can be analysed by using pulsed Dopplerand can be analysed by using pulsed Doppler
 In contrast pathological flows have high In contrast pathological flows have high 

velocities and CANNOT be analysed by using velocities and CANNOT be analysed by using 
Pulsed Doppler.Pulsed Doppler.



  

Pulsed DopplerPulsed Doppler
 Consequences: Consequences: 

 Close structureClose structure



  

Pulsed DopplerPulsed Doppler
 Consequences: Consequences: 

 Deep structureDeep structure



  

Pulsed DopplerPulsed Doppler
 Deep and fast flows CANNOT be analysed by Deep and fast flows CANNOT be analysed by 

using pulsed Dopplerusing pulsed Doppler
 Close flow CAN be analysed by using pulsed Close flow CAN be analysed by using pulsed 

Doppler even if this flow is fastDoppler even if this flow is fast



  

Pulsed DopplerPulsed Doppler

 AdvantagesAdvantages
 Spacial resolutionSpacial resolution
 Analyse of Analyse of 

physiological physiological 
flowsflows

 Disadvantages
 Flows with high 

velocities and 
deep cannot be 
analysed



  

Continuous wave DopplerContinuous wave Doppler

 Continuous emission of ultrasound beamContinuous emission of ultrasound beam
 Continuous reception Continuous reception 



  

Continuous wave DopplerContinuous wave Doppler
 AdvantagesAdvantages

 Analysis of flows with Analysis of flows with 
high frequencyhigh frequency

 Analysis of close and deep Analysis of close and deep 
flowsflows

 DisavantagesDisavantages
 Spacial ambiguitySpacial ambiguity



  

Color DopplerColor Doppler



  

Color DopplerColor Doppler



  



  

Color DopplerColor Doppler



  

DopplerDoppler
 Pulsed DopplerPulsed Doppler

 Continuous Continuous 

DopplerDoppler

 Color DopplerColor Doppler 0 m/s0 m/s

PositivesPositives
VelocitiesVelocities

NegativesNegatives
VelocitiesVelocities



  

Tissue Doppler ImagingTissue Doppler Imaging



  

Tissue Doppler Imaging

Intensity

Frequency



  



  



  



  

Dynamics of fluidsDynamics of fluids



  

Doppler : non-invasive "Swan-Ganz"Doppler : non-invasive "Swan-Ganz"

P1P1 P2P2
VV

P2 - P1 = 4 x V2



  

Velocity= 3 m/s

TR



  

VD

OD

Velocity= 3 m/s

TR



  

2 mmHg

38 mmHg

Gradient = 36 mmHg dP = 4 V² Velocity= 3 m/s

TR
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ConclusionsConclusions

 Echocardiography : imageEchocardiography : image
 Pulsed and continuous Doppler : Pulsed and continuous Doppler : 

hemodynamicshemodynamics
 Color Doppler : flowsColor Doppler : flows
 Tissue Doppler : myocardial functionTissue Doppler : myocardial function



  

Other TechniquesOther Techniques
 DTIDTI
 ContrasteContraste
 Color kinesisColor kinesis



  

Different Doppler techniquesDifferent Doppler techniques

 Pulsed DopplerPulsed Doppler

 Continuous Continuous 

DopplerDoppler

 Color DopplerColor Doppler
0 m/s0 m/s

Positives Positives 
VelocitiesVelocities

NegativeNegative
velocitiesvelocities



  

Doppler Pulsé



  

Doppler Continu



  



  



  



  



  



  



  



  



  



  


