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Grayscale US

Diagnosis of liver tumor

Peripheral halo      

Mosaic pattern       

Lateral shadowing
 HCC

Pre

Nonspecific



Doppler US : CDI, PDI

Limitations of Doppler
• Not sensitive

• Not specific 

CDI

• Poor Reflectivity of Blood

• Strong Reflectivity of Clutter

• High Attenuation

• Small Doppler Shift

Detection of Flow in Small Vessels 

• in deeply located small lesion
Basket pattern



Contrast Agents

Contrast-enhanced CT or MR          

has been widely used 

for
Diagnosis, Characterization

Anatomic mapping

Treatment monitoring

of malignant

liver

tumor



Indication of

CE US

Likewise 

US needs contrast agents 

for

50’

Pre 30’

100’

Diagnosis, Characterization

Anatomic mapping

Treatment monitoring

of malignant liver tumor



US Contrast Agents

Gas-filled microbubbles with an acoustic 

impedance different from the blood and 

relatively permeable shell

– Smaller than 7m

– Remain within the vascular   

compartment 

– Cross the capillary beds 

– Survive passage through 

the cardiopulmonary 

circulation



1st Generation  High MI Imaging

• Levovist Schering

2nd Generation  Low MI Imaging

• Definity Lantheus Medical

• Sonovue Bracco

• Optison TYCO

• Sonazoid GE Healthcare

Daiichi-Sankyo

Contrast Agents : Big-5



Mechanism for Enhancement

Transmit 
Amplitude

Nonlinear 

Backscatter

Harmonic Response

Linear Backscatter

Conventional 
Response

Stimulated

Acoustic

Emission

100Kpa

1Mpa

Destruction

Transient signal

High MI 

Imaging

Low MI 

Imaging



Mechanical Index (MI)

• Peak negative pressure of the transmitted pulse

• Indication of the probability of bubble destruction

• Low MI (< 0.2)

– Symetric behaviour

• High MI (>0.5)

– Non-linear behaviour

Modified from Dr Quaia, ECR 2009



US Imaging Methods for Microbubble

• Fundamental

• Color Doppler (CD)

• Power Doppler (PD)

• Harmonic Power Doppler (HPD)

• Pulse Inversion Harmonic (PIHI)

• Coded Harmonic Angio (CHA)

• Coherent Contrast Imaging (CCI)

• Agent Detection Imaging (ADI)

• Contrast Pulse Sequencing (CPS)



Contrast-enhanced US

High MI Imaging ( > 0.6 )

• 1st generation contrast agent

• Disruptive bubble imaging

• Vascular volume assessment

Low MI Imaging (< 0.2 )

• 2nd generation contrast agent

• Continuous bubble imaging

• Vascularity assessment

Kupffer cell function



High MI Imaging : CHA

39 sec

40 sec 64 sec

35 sec

HCC

Levovist



Early phase Late phase

HCC

Low MI Imaging

SonoVue



Low MI Imaging Sonazoid
Sonazoid Microbubble is taken up by Kupffer cells

Courtesy of Dr Kudo



US Contrast Agent

Agent Imaging Approved

Levovist Vasclar + (Kupffer) Worldwide

SonoVue Vascular alone Europe, China, Korea

Definity Vascular alone Canada, Australia, USA

Sonazoid Vascular + Kupffer Japan, Korea



Summary : CE US

• Focal liver lesion

– Allows lesion characterization

– Reduces the need for CT / MRI

– Improves patient management

– Introduced into guidelines

• Percutaneous image-guided tumor ablation

– Allows intra-and post-procedural evaluation 

– Might be useful in patient follow-up after therapy             

as an alternative to CT/MR evaluation
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Elastography : Hot Issue

63rd AASLD Annual Meeting



• New technique for studying the elastic property 

(stiffness) of tissue

• Similar to that obtained with manual palpation, 

but more sensitive and less subjective 

 21C palpation

US Elastography

Compression 

state

Vibration
Estimation of 

Stiffness

• Limitation (Compression E): Deep organ



What is Elasticity?

• Elastic material 

− has a resting shape

− changes its shape when a stress is given

− restores its shape after the stress is removed

• Elasticity is the degree of shape change (strain) of 

a given material when a stress is given

Steel is hard         Ice cream is soft            Sponge is elastic

http://www.fennemachocolate.com/images/icecream.jpg
http://popularmechanics.com/home_improvement/home_improvement/2002/5/germfree_house/images/steel-sm.jpg
http://sneakykitchen.com/stanley/images/sponge.jpg


Stiffness & Elasticity

stres

s

strain

• Stress causes strain (deformation)

• Stiff material makes less strain

• The stiffness is 

in inverse proportion 

to the elasticity

• Stiffness ∝ Young’s Modulus (E)

• Tissues show different E 

(normal liver <6 kPa, LC > 15 kPa)

• Measurement of E: E = S/ε (KPa)

E: Young’s modulus, kPa, S: 
stress, ε: strain



Elastic Properties of Soft Tissue

−Shear stiffness can be calculated 

from velocity of shear wave

e
s

E

stress

ρ = tissue density, 

liver: 1000 kg/m3

•Young’s modulus(E): stress/strain

–Elastic property corresponding to palpation

–Relates longitudinal strain to longitudinal stress

•Shear modulus: 

–Relates transverse strain to 

transverse stress

c = shear wave 

velocity (m/s)



Shear (Transverse) Wave?

Longitudinal Wave

Velocity :
~1540 

m/s
In tissue

Shear Wave

Velocity :
1-10 m/s
In tissue

As tissue stiffness increases, 

Shear wave velocity increases

Wavefronts

F1

Direction of 

propagation 

of the shear 

wave



US Elastography

Shear wave-based 

elastography 

Static 

elastography

Transient 

elastography

ARFI 

imaging

Supersonic 

SWE

Acoustic Radiation 

Force Impulse

Mechanical 

push 

Quasi-static

elastography

US Elastography for Liver

Breast vs. Liver      by    Manual compression 

• Limitation : Deep organs 



Conventional SWE : TE

• Dedicated acquisition platform 

• External mechanical impulse generating

low-frequency shear wave

• Recording propagation speed by               

M-mode acquisition 

Principle of Transient Elastography

4 cm

1 cm

Explored 
volume

Step 1: Mechanical 

impulse by a external 

vibrator

Step 2: Transmitted from 

the vibrator to the tissues 

via the transducer

Step 3: An elastic shear 

wave that propagates 

through the tissue



Transducer
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New SWE Imaging

shear wave dispersion elasticity map 

Metastasis

• Acoustic radiation force impulse 

Imaging (ARFI):  Siemens

– Virtual Touch Tissue Imaging (I)

– Virtual Touch Tissue Quantification (Q)

• Supersonic shear wave E         

(SSWE):

Supersonic Imagine (SSI)



SW-based Elastography

Product 

Name
Company

Vibration 

Source
Frequency

Transient 

elastography
Fibroscan Echosens

Mechanical 

vibrator
50 Hz

ARFI 

elastography

Acuson 

S2000
Siemens

Transient 

radiation 

force

Supersonic 

shear 

Imaging

Aixplorer
Supersonic 

Imagine

Transient 

radiation 

force



US Elastography : Hepatic Fibrosis

• Extensively validated 

− Noninvasive − Quantitative

− Easy to repeat − Reproducible

Friedman SL. Gastroenterol  2008;134:1655Garcia-Tsao G, et al. Hepatology 2010;51:1-5



USE : Focal Liver Lesion

Metastasis

ARFI: Metastasis vs. HCC

HCC

Cho SH, et al. Ultrasound Med Biol 2010;36:202-208



KJR 2013;14:743-753



ARFI: Hemangioma vs. Mets

KJR 2013;14:743-753



2012 WFUMB  USE meeting

September 28-29

Washington DC

November 27

Chicago

EC member of

WFUMB & RSNA

EC meeting of WFUMB



2013 WFUMB  USE meeting



2013 WFUMB  USE meeting



2013 WFUMB  USE meeting



Summary : US Elastography

• Currently, the body of evidence concerning the use of US 

elastography in focal liver lesions is not strong enough to 

recommend its use in clinical practice

• To avoid confounders of liver stiffness, comprehensive 

other imaging exams are needed

• Elastography is one of important noninvasive methods to 

quantify HF more sensitively and objectively
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