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Continuous Wave Doppler (CWD)
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Pulsed Wave Doppler (PWD)
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Pulsed Wave Doppler (PWD)
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Pulsed Wave Doppler (PWD)
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Aliasing



- Instability

Optimal ~30-60°

+ Velocity Determination

- Refraction and Critical Angles
C - Aliasing

Aliasing
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4 per A

Aliasing
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Aliasing
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Aliasing



Blood Velocity

(cm/s) fr=2MHz  f,=5MHz f;=7.5MHz

10 260 650 980 v

30 780 2000 2900 Jfp=—1Jrcos (HD )
100 2600 6500 9800 ¢

Maximum f; (Hz)
PRF must be at least double (2x)
these numbers to avoid aliasing

Aliasing
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To avoid this artifact:
* Image at shallower depth 2 0

(increase PRF)

Increase insonifying angle
Use lower frequency XDCR
Use continuous wave
Change the scale

Change the display baseline
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Doppler Ultrasound




Color Flow Doppler (CFD)



Color Flow Doppler (CFD)



Ways to mitigate aliasing: TIPS

* Image at shallower depth
(increase PRF)

* Increase insonifying angle

e Use lower frequency XDCR

e Use continuous wave

* Change the scale

e Change the display baseline

Color Flow Doppler (CFD)



Power Doppler (PD)



Power Doppler (PD)
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Power Doppler (PD)
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Triplex Scanning
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V2 =18.1cm/s : Freq2 = 0.59kHz PG2=0.1mmHg -

Triplex Scanning
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Wall (High Pass) Filter
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Wall (High Pass) Filter
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Harmonic Imaging
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Tissue Harmonic Imaging (THI)
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Tissue Harmonic Imaging (THI)
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Tissue Harmonic Imaging (THI)
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Tissue Harmonic Imaging (THI)



Conventional THI
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Tissue Harmonic Imaging (THI)



Conventional THI
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Tissue Harmonic Imaging (THI)



Conventional THI

Freq.: 2.0 MHz/2.0 MHz > v Freq.: 1.7 MHz/3.4 MHz v
Power: 0.0 dB ; Power: 0.0 dB \

15\

Tissue Harmonic Imaging (THI)



Harmonic Imaging (THI)
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Conventional THI THI + Compound Imaging

Tissue Harmonic Imaging (THI)
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Spatial Compounding




+ Better SNR

+ Higher echo amplitudes

+ Continuous curved surfaces
+ Speckle reduction

Spatial Compounding



— Persistence from averaging
— Temporal resolution loss
— Motion blurring

Spatial Compounding
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Stable Gas

Biodegradable Shell

Contrast Enhanced Ultrasound (CEUS)
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Left Ventricular Opacification (LVO)
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Rayleigh Scattering
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Contrast Harmonic Imaging (CHI)
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Contrast Harmonic Imaging (CHI)
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Contrast Harmonic Imaging (CHI)



Ultrasound Elastography



Ultrasound Elastography




Ultrasound Elastography
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Ultrasound Elastography



Current frame Next frame

Speckle Tracking
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Strain Imaging
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3D/4D Volumetric Imaging
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3D/4D Volumetric Imaging




3D/4D Volumetric Imaging



3D/4D Volumetric Imaging



3D/4D Volumetric Imaging



3D/4D Volumetric Imaging
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3D/4D Volumetric Imaging



Transesophageal Echocardiography (TEE)
Transvaginal Ultrasound (TVUS)
Transrectal Ultrasound (TRUS)

Semi-Invasive Imaging




Transesophageal Echocardiography (TEE)



Transesophageal Echocardiography (TEE)




Transvaginal Ultrasound (TVUS)



Transvaginal Ultrasound (TVUS)
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Transvaginal Ultrasound (TVUS)
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Transvaginal Ultrasound (TVUS)



Transvaginal Ultrasound (TVUS)
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Transrectal Ultrasound (TRUS)
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Transrectal Ultrasound (TRUS)
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Transrectal Ultrasound (TRUS)




~ Sagittal Transverse 1

Transrectal Ultrasound (TRUS)



Intravascular Ultrasound (IVUS)
Intracardiac Echocardiography (ICE)
Intraoperative Ultrasound (IOUS)

Invasive Imaging




Intravascular Ultrasound (IVUS)




Intravascular Ultrasound (IVUS)
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Intravascular Ultrasound (IVUS)
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Intravascular Ultrasound (IVUS)



16:37:37

Intravascular Ultrasound (IVUS)
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Intravascular Ultrasound (IVUS)



Intracardiac Echocardiography (ICE)




Intracardiac Echocardiography (ICE)




Intracardiac Echocardiography (ICE)



12:22:26

L &

Intracardiac Echocardiography (ICE)
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Intraoperative Ultrasound (IOUS)




Through-Transmission Imaging
Ultrasound Computed Tomography (UCT)
Vibro-acoustic Imaging

Harmonic Motion Imaging

Coded Excitation

Time Reversal

Ongoing Studies




The Doppler Effect
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3D/4D Ultrasound

Summary




